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1. NUMBER SYSTEMS 


[INTRODUCTION 
Digital electronics is one of the important branches; it is related with computer circuits, 
digital systems, digital communications, counters etc. We shall study different number 
gystems, their inter-conversions and binary arithmetic. This topic is important because it 
includes illustrations of different machine codes, binary arithmetic and their conversions 
called as encoding and decoding methods. After completing this chapter you will be able 
to convert any given number into any computer code and able to add, subtract, multiply 


or divide using binary numbers. 


1.1 BINARY NUMBER SYSTEM 

The number system, which we use, is a decimal number system, we use basic ten 
symbols or numbers from 0 to 9. But in digital circuits; it is very difficult to use these 
numbers directly because of ten different levels, size required for the circuit and 
reliability of the circuit. Therefore, a new number system is developed so that only two 
levels are required for the operation. This new number system is known as “Binary 
Number System” where Bi -meauns two, and two symbols are used as ‘0’ and ‘1’ 


Advantages of binary code 
(1) Only two voltage levels are used to represent these two numbers. 
(2) Different logic can be applied behind these two numbers such as if we take lamp, 


meter, electric signal to represent these numbers then. 


For Example, . 
Logic 0 1 
Lamp OFF ON 
Voltmeter OV +5V and so on. 


(3) It is very easy to perform mathematical operations like addition, subtraction with 
these numbers. 
(4) Conversion of binary to decimal and decimal to binary is also easy and inter- 


convertible. 
(5) Binary Number system is more accurate and readable number system. 


Positive and negative logic system 
tr aatan logic, the higher voltage level indicates level 1 and in negative logic it 
cates level 0, e.g. if levels are +5V and OV then in positive logic +5V indicates level 
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| and in negative logic OV indicates level 1. In case of lamp, in positive logic; the level | 
logic 1s lamp ON and in negative the logic level | logic is lamp OFF. 


RADIX 
Radix is a number, which indicates the base of specific number system. This number 


represents total symbols of the system and weightage or power of each digit. 
For example, 

1) The radix for decimal number system is ‘10° because total symbols are 10 from 0 
to 9. Similarly, the weightage of each digit 1s in power of 10. Suppose number is 
six thousand eight hundred and thirty-four then it is represented as 
( 6 8 3 4)10.The subscript ‘10’ indicates that the number is a decimal number. Its 
value 1s calculated as follows 


6 8 3 4 
10° = 1 Low = 4 
id’ = 10 3 x 10° =+ 30 
10° = 100 8 x 10° = + 800 
10° = 1000 6 x 10° = + 6000 


2) In this way if we take binary number system then its radix is ‘2’ because symbols are 
only two 0 and 1. A number in binary number system is represented as (101011)2 
Multiplying each 0 and 1 by power of 2 and adding them can calculate its value. 

We shall discuss this conversion in the next topic. The radix for other number systems 
are given in table (1.1) 


Number System _ Radix |Symbols 


1) Decimal Number System 
2) Binary Number System 
3) Octal Number System 

4) Hexadecimal Number System 


Table (1.1) 


Binary Counting 


As we know the decimal counting is sequence like 0,1,2,3 ---- 9, 10, 11 ---- 99,100---- 


etc. To get binary counting take the decimal numbers in sequence and take those 
numbers in sequence, which contain only O and 1. 


0,12 ---- 10, 11, --- 100, 101, If2 --- 110, 797, --- 1000, 1001, 1/03 --- 


Binary Weightage 
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Binary Number Decimal Value] Binary Number Decimal Value 


1.2 BINARY TO DECIMAL CONVERSION 

To convert a binary numbers into decimal number follow the given procedure 
Step |: Write the given binary Number 
Step2.: Write the binary weightage below each number 


Decimal point 


Table (1.3) 
Step 3: Cancel the weightage, which is placed below zero because any number 
multiplied by zero is zero. 
Step 4 : Add the remaining numbers. 


Examples : 

1) Convert (1001)2 in to decimal no. (Verification) 

Step 1: 1 0 0 | 100 1 

Step2: 8+4 +42 + 1 ea yor a 1 
Sep3) 6 8 + # 2 + 1 le 0x2! =4 
Step4: 8 +1 = Te? 


= + 
* (1001)2 = (9)10 1x27 =+8 


Refer table (1.2) 1001 is equivalent to uecimal nine. = 
2) Convert (110011) 2 into decimal 


1 | 0 0 | l 
=2%4%42) 42 4 2' + 2 
=32416+8+A+.2 + | 


= (S1)io ws (110011)2 = (S1)10 


4 Number Systems 


3) Convert (1100110) 2 into decimal 
I 1 0 


0 l ] 0 
be ae he De 


(102)10 


4) Convert (11101)2 into decimal 

1 l 0 1 
16+8+ 442744 
29 

(11101). = (29)19 


5) If (100001)2 = (X)10 find X 
1 0 0 0 1 
32 + 6 + & 5 dp + |] 
X = 33 
“. (100001)2 == (33)10 


Fractional binary numbers 
To convert the mixed binary numbers containing integers and fractions follow the same 
procedure and make use of the table (1.3). Let us solve two examples 


1) Convert (10101. 101) 2 into decimal 2) Convert (1001.011) 2 into decimal 
tr 0 1 0 ts DT YY 1 100 41.0 41 «21 
16+ 9+ 44+Z+1 +0.5 +945 + 0.125 84+ H+ f+. Of + 0.25 + 0.125 
= (21.625) = (9 ° 375)i0 


13 DECIMAL TO BINARY CONVERSION 

Let us see now, how a decimal number is converted into its binary equivalent number. 
Dividing the given number by two and taking only remainders do this. This method of 
divide by two is known as “double - dabble method”. Before that; let us see what is 
MSB and LSB. MSB represents “Most Significant Bit” that represents the first number 
in given number, which has got maximum weightage. LSB means the “Least Significant 
Bit” which represents the last number which has got lowest weightage. 


For Example; 1] 00 10 


MSB (1 x 2*)___T T___igp (0 x 2°) 
11101 


i 
MSB (1X24 L__ LSB (1 X 2°) 
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ci PI TET aS a eR 
Double Dabble Method 


To convert decimal number into binar 


y number divide the given number by ‘2’ till you 
get ‘1’ as shown in the following exa : ‘ , 


mples 


[. 29 + 2 remainder 29-28 = | * LSB 
14 + 2 remainder 14-14 = 0 
7 + 2 remainder 7 - 6 l 
3 + 2 remainder 3 - 2 = | 
1 MSB 
(2919 == (11101), 
It can be verified by reverse process 
| 1 1 0) | 
6+84+44+A 41 =29 
2. Convert ( 35) 9 into binary 3. Convert (102) 19 into binary. 


102- 102 


35-34 (35+2=17) 
17 - 16 (17+2=8) 
(8 +2=4) 
(4+2=2) 
(2+2=1) 1 
“~ MSB 


(35) (100011)2 . (102):0 = (1 100110)2 
ee 1 = 


4) Convert (88) j9 into binary 5) Convert (69) jo into binary 


88 - 88 
44-44 


0 
0 
0 
l 
I 
0 


“(88)i9 == (1011000)2 .(69)10 = (1000101)2 
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actional numbers ; ‘ , : 
convert a fractional numbers 1n to decimal multiply each bit by 2 and take Integer 


value out as shown in the following examples. In these examples integers can be 
converted by double-dabble method (not shown) refer the above examples. 


1) Convert (88.625) 10 into binary 2) Convert (69. 375) \ into binary 
625 x2=1.25 wok 22075 0 
25 x2=0.5 ) -f3. X2=1.50 | 
5§ x2=10 1 » x2=1.0 l 
“.(88.625)i0 = (1011000. 101), 169.375) = (1000101.011), 


(Note that in case of odd fractional members find the binary numbers up to 4 digits 
or 5 digits to use approximation) 


14 HEXADECIMAL NUMBER SYSTEM 

In this system hex means six and decimal indicates ten, total sixteen symbols involves 
from 0 to 9 and A to F. Its radix is 16, each number is expressed in the power of 16. The 
following symbols indicate their decimal values. 


OL Desentsicnd 9, A B cS D E F 


a Y + oY 
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Hex to decimal conversion 
To convert a given hexadecimal number into decimal each number is multiplied by 16°. 
1.€. 


1) QAE)6 =( dio 


9 A E 
| L_§_s14 x 16° = 14 
10x 16! = + 160 
9x16" =+ 2304 
= 2478 
(9 A E)i¢ = (2478) 19 bial 'e.6@ bp 00ese eas Ans 
2) (2C6E)is ( Alternative Method ) 
2 Cc 6 E 


= 3 9. 
~  @xI@) + (x16) +) x16) tO 16%) 
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3 x16" 
(3 AO0)i6 = (928)j0 «2.02... cee 
4) (7FF. 8)i6 = ( hio 
7 F 
(7 x 167) 4: (Fx 16!) 
1792 + 240 
(2047. 5)i0 
5) (2AD.2B)16 = ( dio 
> A 


(2x 4096) + (12 x 256) 
8192 + 3072 
(11374)10 


3A0)6 =( ? dio 
3 


(2 x 16”) + (Ax 16') 
512 + 160 


(685.1679)10 


Decimal to Hexadecimal conversion 
Convert the given decimal number into hexadecimal by using hex-dabble method, like 


double dabble method where the given number is divided by 16. 


9) 


(928) 10 = 0| 928 
10] 58 
3 


(928)10 = (3A0)i6 


+ (6 x 16) ~ (14x 1) 
+ 96 + 14 
- ) 
= + 160 
=+ 768 
= 928 
Ans. 
F - 8 
+ (Fx 16°). (8x 16") 
+ 15 + 0.5 
D . 2 B 
+ (Dx 16) . (2x16') (11x 16’) 
+ 13 + 0.125 + 0.04296 


2) (2478)10 14| 2478 
10} 154 


C 


(2478)10 = (QA E)i6 
Where 14=Eand10=A 
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Hex to Binary and Binary to Hex conversion 

To convert a hexadecimal number in to binary number, convert each hex digit in to a 4- 
bit binary code just like 8421 BCD. On the other hand, to convert a binary number in to 
Hexadecimal number make the group of 4-bits and find their Hex values refer the 
following examples 


1) Convert (5 AD)i¢6 in to binary 2) Convert (C9F.2A )i6 in to binary 
= 5 A D i & 9 F. 2 A 
=0101 1010 1101 = 1100 1001 1111.0010 1010 

3) Convert (110100011111)2 in to Hex 4)Convert(11110010.1110)2 in to Hex 
= 1101 0001 1111 = 1111 0010.1110 
= D 1 F ='= F 2.&E 


15 OCTAL NUMBER SYSTEM 


In this system eight symbols from ( to 7 are used and its radix is 8. 
To convert a octal number in to decimal follow the given table. 


= 175 (257 )g = (1 75 )to....Ans. 


10 += ( Alternative Method ) 


- 1 2 5 6 

= (x8) 4 (2x 82) +(5x 8!) + (6x 8°) 

z (1x 512) + (2x64) + (5x8) + (x1) 
+ 


128 
( 686 )io + 40 + 6 


Number Systems 
3) (730) = ( dio 


( 730 jig = (472 Nis xxtasveecesuces Ans. 


Decimal to Octal conversion 
Convert the given decimal number into Octal, like double dabble method where the given 
integer number is divided by 8 and for fractional number multiply by 8. 


1)  (175)i0 = T1155 2) (2470)10 6 |2470 
S| 21 4 |308 
2 6 | 38 


(175 )io = (257 Ja sisicvevescceees Ans. (2A70)i9 = (4 6 46 )g......-. Ans, 


Octal to Binary and Binary to Octal Conversion 

To convert a Octal number in to binary number, convert each hex digit in to a 3-bit binary 
code. On the other hand, to convert a binary number in to Octal number make the group 
of 4-bits and find their decimal values refer the following examples 


1) Convert (5 2 3)g in to binary 2) Convert (7 0 4.01 )s in to binary 
= 5 2 3 =7 0 4. 0 1 
=101 010 O11 =111 000 100.000 001 
3)Convert (110100011111)2 in to Octal 4)Convert(110100101.110 011)2in to Octal 
=110 100 O11 111 = 110100 101.111 011 
= 6 4 3 7 = 6 4 5.7 3 


Hex to Octal and Octal te Hex Conversion 
To convert a Hex number in to Octal first convert Hex in to Binary and then 


make groups of 3-bits from LSB add zeros on left and right side if required. After making 
the groups convert each 3-bit binary in to Octal equivalent. 
1) SCA)is= (7 )s 2) (3B.2E)ic = (? Ja 
=5 C A = 3 B e 2 E 
=(0101 1100 1010)2 = (0011 1011. 0010 1110)2 
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10 
=000 111 O11. O01 O11 109 
~010 111 001 O10 0 


3 = 7 3s 7 3 4 
eon A (2712 )s (3B.2E)i6 = (073.134 ), 
; iS. = sad 
; in to Binary and then make 
| number in to Hex first convert Octal i 
goss’ LSB add zeros on left and right side if required. After making the 
ivalent refer the following examples 


To co Uct 
sroups of 4-bits from Lob ¢ 
faa convert each 4-bit binary in to Hex equ 


2) (53.21)3 = (? die 


3) (537)s = ?) 
ethane ae 2§ 3.2 1 


=(101 O11 111)2 =(101 011.010 001), 
= 0001 0101 1111 =(010 1011. 0100 0100 
~ er ee =2 D.4 4 
(53 7)s= (15F )i6 (53.21) = (2D.44 ie 


1.6 BCD, ASCII and EBCDIC CODES 

In binary, for higher decimal numbers it becomes a long chain of 0 & 1, to avoid this, 
different BCD codes are used to represent decimal numbers. In computer arithmetic 
circuits 8421 BCD is a most common code. 

In BCD code, each decimal number is represented by a 4-bit code. 


cB i 


0101 0011 1001 


The zeros on left of 8421 BCD can be omitted. To convert a BCD number into decimal 
back, the process is exactly opposite, by making group of 4 bits from the left and 
converting each 4 - bit number into decimal number. 


€.g. 100100111001 gcp 
= 1001 0011 pig 


= 9 3 9 
There are some other codes like 5421 BCD, 5311 BCD etc. But the most common 
method is $421 BCD. 


Advantages of BCD 
l The length of number is short. 
2 Easy to convert to and from BCD 


3. Suitable for hexadecimal addition. 
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ASCII and EBCDIC CODES 

These aoe puleapeeee used for computer keyboard; ASCII code uses either 7- bit 
code or 8- it : € to represent the numbers and the characters. ASCII stands for 
American Standard Code for Information Interchange. EBCDIC code is a similar 8- bit 
code it is developed by IBM which is obtained by extending six bit BCD code. It is 
Extended BCD Interchange Code. e.g. In ASCII the code for CAT is easily obtained by 
writing the binary code for C,A and T 


C=11 0011 A=11 0001 T=01 0011 (Refer ASCII 7 —bit Chart) 
CAT =( 11 0001 110001 01 0011) 


1.7 BINARY ADDITION AND SUBTRACTION 


In computer circuits arithmetic logic unit performs basic arithmetic operations by 
performing addition only like subtraction by addition, multiplication by addition etc. 
Let us see basic addition and subtraction rules in binary. 


Rules Addition Subtraction 
1. 0+0=0 0-0=0 
2. 0+1= 0-1 = 11 (differenceland borrow 1) 
ce 1+0= 1-0=]1 
4, 1+1=10(Carrylsum0) I1-1=0 
De 1 +1 + 1=11 (Carry! sum]) 
e.g. LZ 1100 (Verification) 
+14 +1110 110410 
Cary—> 11 =16842727 
26 11010 = 16+8+2=26 


The way to verify the binary addition and subtraction, first find the decimal equivalent of 
the given binary number and then check the addition with the final binary number. 


C.g. 3 1101 First column 1-0=1 
- 10 -1010 Second column 0-1=11 
3 0011 i.e. difference 1 and borrow | 


Third column 1-(0 + 1) =0 
Fourth column 1-1=0 


The above method discussed is not suitable for signed numbers, |’s or 2’s complement 
Method is used for signed numbers. 
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1.8 1’S AND 2’°S COMPLEMENT FOR SUBTRACTION 

These two methods can sat y subtraction by addition. Similarly, they can 
generate signed numbers like + 2 ,-5 etc. After subtraction one can easily verify the 
difference with sign. 
Before we learn subtraction let us find 1’s and 2’s complement of a given number (A) 
‘ ‘denotes I’s complement and it is obtained by replacing 0 by 1 and | by 0. 


e.g. IfA=1010thenA=OI101 
2’s complement is the number that results when we add | to the 1’s complement. It is 


denoted by A’ 2’s complement = (1’s complement) + 1 


>| 
+ 


Au = 


Examples1: Find 1’s complement of 101011 and 100110 
Solution: i) A= 101011 A =010100  (1’s complement) 


ii) A= 100110 A =0O011001 (1's complement) 


Examples2: Find 2’s complement of 111010 and 110100 
Solution: i) A=111010 A =000101 (1’s complement) 


A’ =000101 +1 = 000110 (2’s complement) 
—— 110100 A =O01011 (1’s complement) 
A’ =001011 +1 = 001100 (2’s complement) 


The procedure to perform subtraction A - B, follow the following procedure. 


1’s complement subtraction 2’s complement subtraction 


Step | Find binary of A Find binary of A 

Step 2 Find 1’s complement of B Find 2’s complement of B 
Step 3 Add step | with step 2 Add step 1 with step 2 
Step 4 i) If carry 1 is present If carry | is present 


answer is +ve 


Delete the carry. 
carry is absent 


answer is +ve make 


End around carry. 


ii) If carry is absent answer is—ve _ If 
is —ve find 2’s complement. 


answer 


find 1’s complement 


13 


ee SS ee 


7 Perform 12 — 9 and 9 — 12 by using 1’s complement method. 


solution : (12 — 9) 
step | Binary of 12 is 1100 
Step 2 Binary of 9is 1001 
1’s complement is 0110 
Step 3 1100 
+ 0110 
Carry present—> (| 0010 


Step 4 Answer is +ve end around carry 


10010 
gy (EAC) 


An, OOILL = (+3) 


(9 — 12) 


Binary of 9is 1001 
Binary of 12 is 1 100 
1's complement is 001 1 
1001 
+ 0011 
Carry absent —> [|i 100 


Answer is —ve 


1’s complement of 1 1 0 0 is 
0011 = (-3) 


2 Perform 14 — 9 and 9 — 14 by using 2’s complement method. 


Solution : (14 — 9) 


Step 1 Binary of 14is 1110 
Step2 Binary of 9is 1001 
2’s complement is 0 1 1 1 
Step 3 1110 
+ O111 
Carry present—> Lilo 101 
Step 4 Answer is +ve delete the carry 
0101 


Ans. 0101 =( + 5) 


(9 — 14) 


Binary of 9is 1001 
Binary of }4is 1110 
2’s complement is 00 10 
1001 
+ 0010 
Carry absent — | 1011 
Answer is —ve 
2’s complement of 1 0 1 1 is 
0101 = (-5) 


14 
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BINARY MULTIPLICATION AND DIVISION 
These two Arithmetic operations in binary are easily performed just like simple 
decimal multiplication and division. Consider the following illustrative examples. 
i) (101 x 110)2= (5x6 )j0 ii) (1101 x 111)2 = (13 x7 )io 
10 1 1101 
xl 1 Q x1 11 
0 0 0 1101 
+10 1x + 1101x 
+10 1 x x +1 101xx 
P11 1 0 =(30)t0 101 1011 =(91)0 
iit) (1100 + 10 »- (12 = 2)j,9 iv)( 11001+ 101 )2= ( 25+ 5)10 
—110 101 
11 00 11001 
10. - 101 
10 00101 
—_-10_ -101 


00 Ans: (110)2 = (6)10 000 Ans: (101)2 =(5)j19 


SOLVED EXAMPLES 


Convert the following. 


i) (7AB)i6 = ( 2? )to 
7 A B 
bic = 6s] 
—_—————> 10x 16! = + 160 
 spitiineatipsiamoaeatie: ieee =+ 1792 
= 1963 
(7AB)i¢6 = (1963)10 0:0:0'6- 0 6:0'e ve.8 6016 Ans, 
ii) (1001 10000 0001)pen =( )io 
making group of 4 bits 
(1001) = (9)i0 (1000) = (Din 


(1001 1000 0001)gep = (981),, 


stems 
number Sy: 15 


co eee 


2, Convert the following: 


i) [11001.101}2=[ Tio ii) [110101.110001]2={ Iie 
=] 1001.1 0 4 =110101.110001 

=16 844 1 .0.5 #35 0.125 =0011 0101. 1100 0100 
=16 +8+1 . 0.5 +0.125 = 3 5 CUA 
=[ 25.625)10 =[ 35.C4]i6 


iii)[2AF]is =[ ]2 Convert it into BCD 
= A ‘-F 


=0010 1010 I111 “.(2AF]i6 =[0010 1010 1111] 


3. Perform the following operation using 2’s complement method use 8-bit 
representation of numbers (52) 19 — (65) 10 = (?)2 


Solution : 8-bit binary equivalent of 52 = 00110100 ........ (i) 
8-bit binary equivalent of 65 = 01000001 


1° complement of 65 = 10111110 
2° complement of 65 = 10111110+ 1 
= LOVIEATE 350 (ii) 
52-65 = 00110100 
+10111111 
No carry—»[] 11110011 
. Answer is negative 
Find 2’° complement of the result 
A= 11110011 
A = 00001100 
Ans: A’= 00001 100+1 = (00001101)2 = (-13)i0 
QUESTIONS 
1. Select the correct answer. . 
i) The BCD equivalent of a decimal number 88 is........ 
a) 0010 b) 0001 c) 1000 1000 
ii) The decimal equivalent of a hexadecimal number 2 A is........ 
a) 42 b) 62 c) 82 d) 17 


iii) The Radix of the octal system iB tesa 
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| a) 2 b) 16 c) 10 d) 8 


iv) The binary equivalent of hexadecimal number (B3)j¢ is...... 


a) 10110011 b) 11011011 c) 0011 d) 00010001 
v) In positive logic system ‘1’ represents...... 
a) The more negative of two voltage levels. b) zero voltage. 
c) The more positive of two voltage levels. d) Negative one volt. 


vi) 2’s complement of (12)jo is..... 
a)0001, »b)0010 c) 0011 d) none of these 
vii) In binary numbers if the last bit is 1 then it is a...... number 


a) odd b) even C) none of these 
Vili) (11)2 + (11)2 + (11)2 =... 
a) (111)2 b) (1011) c) (1001), d) (1111) 


ix) The equivalent decimal number of maximum highest binary number of length 
one byte is .......... 


a)128 b) 127 c) 255 d) 256 


Ans.i) 10001000 —ii) 42 iii)8 iv) 1011 0011 v) The more +ve of two voltage 
levels vi) none of these vii) odd viii) (1001), 1x)255 


Problems For Practice 


1. Convert the following decimal numbers into binary 
a) 38 b) 25.5 ¢)10.625 

2 Encode the following numbers into BCD code 
a) 128 b) 579 c) ABC 


3. Convert the following binary numbers into decimal number 
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a) 11001.101 b)0.110 c) 101100.001 


Convert the following Hex into Decimal. 


4. 
a) 2E9 b) O9F7 c) 12C 
5. Convert the following Hex into Binary 
a) 3A5E b)0A3.D9 ~~ c) IBS.C 
6. Convert the following Hex into Octal. 
a) 2F7 b) BAB c) ABC.4D 
7 Convert the following octal] numbers into binary 
a) 736 b) 574.321  c)116.54 


8. Perform the following: 
a) (10111-101)2 = )16 b) (91)10 = ( J2_€) (594)10 = ( Dac 
9. Convert the following : 
a) [100]10 = [?]ieb) (DAD)i¢ = [?]io ¢) [BCD]i6 = [7]2 4) [10101-1 1 ]2 = [ho 


10. Convert the following 
a) (ABC : D)is = ( io b) (10101101-11)2 = ¢ dio 
c) (11011010-1001)2 = ( )i6 
Ans: 1) a) (100110 ) 2 b)(11001.1)2 ¢)(1010.101)>2 
2) a) (0001 0010 1000) b) (0101 0111 1001) c)(1010 1011 1100) 


3) a) (25.625) 10 ~—b) (.75) w=) (44.125) 10 
4) a)(745 )io b) (2551)10 ©) (300) 10 
5) a) (0011 1010 0101 1110)2b) (0000 1010 0011.1101 1001). 


c)(0001 1011 0101.1101) > 
6) a) (1367) b) (5653)s c) (5274.232) x 
7) a) (111 011 110)2 b) (101 111 100.011 010 001) c) (001 001 110. 101 100), 
8) a) (I7.A)ig b) (1011011), c) (0101 1001 0100) sep 
9) a) (64)i6 b) (3510)i9 C)CIOL] LION 1101 )gpep sa) (21.75) 6 
10) a) (2748.8125);90 -b) (173.75)10 C) (DA.9) 6 
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Solve the following: 


I. 


What do you mean by 
a) 1’scomplement b) 2’s complement explain with suitable examples. 


Perform the following using binary arithmetic. 
a) 12-14 b) 23+25 c) 111101 + 110011 


Subtract the following by 1’s complement method: 
a) 1110-1011 b)t101 -— 1110 


Perform the following by Two’s complement method use 8-bit representation 


(40)16 -(64 ie 
Explain the following 


a) Radix b) BCD 8421 Code 

c) l’scomplement d) + ve and — ve logic system 

Find X if i) (2AC)i6 = (X)2 11) (11110.1101)2 = (X )j0 

Find 12- 9 and 8 —11 by using 1's complement method. 

Explain 2’s complement subtraction with suitable examples. 
Perform 27 +29 by using binary arithmetic. 

Convert the following decimal number into binary 

a) 38.625 b) 45.875 by double dabble method. 

Convert the following binary number into decimal number 

a) 11001.101 b) 0.110 - 

Perform the following conversions 

1)(253)i6=( io iti) (4AF)is = ( )io iii) (2AB.3E)i6=( 2 
'V) (1010100.110)2=( io v) (253)p=( is vi) (253.56)8=( 0 
¥tt) (110011100.1010)2=( );6 viii) (7ES.4B)16=(_)s 
Multiply 6x 4 and 9 x 7 by using binary numbers. 

Perform 15 = 5 and 24 +6 by using binary numbers. 


OOO 


2. PROGRAM ANALYSIS 


INTRODUCTION 


Programming is the software concept where it is the playback of computer job. 
Computer person should be perfect in programming. The results of any computer job, 
printout, layout, results, data processing; all these tasks are basically depend upon the 
programming technique and accuracy of programming. Your program tells computer to 
do particular job in a desired manner. Program Development is not so simple it requires 
number of systematic working steps to make it easy simple and perfect. This chapter 
explains different concepts and illustrative examples to get the knowledge of program 
designing aspect. Program development is a skill, it requires logic. Any problem, which is 
to be computerised, must be properly analysed and organised. It is to be always planned 
because computer is very precious and one can't afford computer by experimentally on 
methods of problem solving. 

Any problem, which has to be converted in computer program, must be carefully 
analysed. Problem analysis consists in finding or deriving the procedural steps involved 
in getting the solution to a problem. That step must come within the computer 
capabilities. 

e.g. Problem statement 

Add 2 numbers and display the result 

1) Take 2 numbers suppose a and b as input. 
2) Add 2 numbers. 

3) Store the result in c. 

4) Display value of c. 

In this way above simple problem is divided into 4 steps. 

For analysis various methods are used. These methods are 

1) Flowchart, 2) Algorithm 3) Pseudocode. 


3.1 PROGRAM DEVELOPMENT 
Program is a list of instructions in specific language to tell the computer to do the 
job in sequence. Before writing a program user has to define problem. Problem is first 
analyzed. Actually problem solution gets converted into program. But for the conversion 
there is a process of programming. Programming is a process for development of 
Program, for a specific problem. 

Whenever any problem has to be converted in to a program, then it’s process has 
following steps: 
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1) Problem analysis = 
2) Design 
3) Coding 
4) Testing . 
5) Documentation 


alysis ; 
1) ee ea have complete definition of problem and the requirements should be 


clear before writing the solution. Generally every program needs input, output, storage 
and process. 


Input: Inputs to be supplied for the program. . 
Output: Outputs means in what form output is required. It represents the computer 


solution to the given problem. . 
Storage: If output is there, the storage is required i.c. o/p has to be stored in some 
form. Input parameters also required to be stored. 
Process: Now the events should be executed. What is its sequence? 


In general, any problem given has to be analyzed. That problem is divided into 
simple steps leading to solution or a problem. We have to make a plan of problem 
solution and accordingly program is written. 


2) Design 

In design phase, generally solution plan is divided into small modules and then 
every module is designed separately. Sometimes some developers design easy modules 
and then design the remaining modules. Obviously according to development strategy, 
various designing methods are available: programmer can use those methods also. 
Structured programming and object oriented programming has various design methods. 
User can select one out of them. 


3) Coding 
It is the process of conversion of a program design into programming language. 
4) Testing 


After coding, programmer has fo test the program to see whether it is executing 


corr it i 
rectly Or not. If it is having any problems, errors then user has to see it and correct it, 
verification is also important. 


5) Documentation 
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b) User's documentation: In this type information related to operating program, 
input parameters, and output parameters is maintained. 
Programmer documentation: 
1) Requirement and specifications of document 
2) Design documents: Copy of flowcharts, algorithm, pseudocode. 
3) Copy of source code program. 
4) Testing reports with all types of possible inputs. 
5) Output reports with all types of possible outputs for a program. 
User documentation is user manual generally i.e. how to operate the program. 


3.2 PROBLEM ANALYSIS TOOLS 

There are various tools used for problem analysis. As we have already said for 
analysis or for defining logic we have to divide program into steps, then you can show 
overall logic using following methods: 

a) Algornthm 

b) Flowchart 

c) Pseudocode 


a) Algorithm 

Algorithm is a logical sequence of steps prepared for solving problem. It is a tool 
to write the job in simple steps in simple English language. It is not programming 
language or program. It guides the programmer to prepare the program. 


Example1: Algorithm to exchange the value of two variables. 
Suppose if A and B are the two variables 
Algorithm: 
1) Store the value of A in X 
2) Transfer B value to A 
3) Transfer X to B 


Example2: To Develop the program to drive a motorcycle: 
Step I - Understand the mechanism and facilities provided with the motorcycle. 
Step II — Study the sequence of operation. 
Step III — Algorithm 
1) Insert the ignition key 
2) Apply the kick or starter 
3) Remove the stand 
4) Put the motorcycle into first gear by holding clutch 
5) Release the clutch by increasing the accelerator 
This example is just giving an analogy for understanding the programming steps. 
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The last two steps feeding and testing can by experienced by driving the 


a mel algorithm should have the following characteristics: 
1) It should be easy and simple in language. 


2) It should not repeat the task again and again, 

Every step must be accurate and complete in itself. 

4) It can be easily modified if necessary. 

It should be easily understandable to others and steps should be clear and 


concise. 
6) Jt should be economical in the use of computer time, computer storage and 


peripherals. 
7) It should be correct for clearly defined situations. 


b) Flow Charts 
After preparing an algorithm for given task it can be presented in a pictorial form 


in brief. The method used to represent an algorithm in pictorial form with standard 
meaningful symbols is known as a flow chart. Flow chart is basically prepared in 
formulating and understanding algorithms. With flow charts programmer illustrates 
different loops, logical decisions, input, and output data. To draw flow charts the 
following figures are used as standard convention. Flow chart explains actual flow or 
steps in which program executes. 


1) Rectangular with rounded corners to specify START and STOP known as 
terminal. It is usually used at Start and End of program. 


2) A parallelogram to represent input and output operation. It is known as 
input/output symbol. It indicates input process such as keyboard entry and output 
process such as printing. 


3) A rectangle is used to represent processing or calculating part. 


S=A+B+C 
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4) A diamond symbol is used to present decision-making step in the form of question 
and logical answer, it is known as “Decision box”. 


5) Arrows are used to indicate the direction of flow of program process. 
——— > —_—__ 


6) A small circle is used to connect incomplete flow chart to its remaining part. It is 
known as connector. Normally it is used at the end of page where flow chart 
breaks and situations where flow lines cross each other. 


61 


Following rules must be considered while drawing a flow chart: 
1) The standard symbols should be used. 

2) The arrows should be used to represent the direction of flow. 
3) Flow lines should not cross each other. 

4) Program flow should be top to bottom. 


Flow chart analysis gives pictorial structure of a program solution. It helps programmer 
in following respect: It duplicates the logic of program more easily in picture form. So it's 
easy for programmer to explain program logic to other using flowchart. It supports for 
program documentation. 
Itis very helpful in detecting, locating and removing mistakes in a program. 
It is like a guideline from starting point of program to last point. 


Advantages of Flow chart: 
1) Better programming steps. 2) Minimum length. 


3) Systematic analysis. 4) Minimization of errors. 
5) Effective testing and results. 6) Easy coding. 
7) Universal logical solution. 
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Examples: 
1) Draw a flow chart to find average 


of marks in % for a students of SSC exam. 


2) Flow chart to find square of given Z 
number. 


READ 
Number ‘A' 
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4) To find largest number from given 5) Flow chart to find factorial of *X’. 
two numbers. 


PRINT A 


PRINT B 


c) Pseudocode 

It is a programming analysis tool used for planning program logic.:Pseudo means 
false and code refers to the instruction written in programming language. It is an imitation 
of actual computer instructions. Pseudo instructions are phrases written in ordinary 
natural language. (e.g. English, French, German) 


Pseudocode is made up of following basic logic structures that have been proved 
o be sufficient for writing any computer program. 


© taaeas Flow chart Pseudocode 

2) Selection : 

3) Iteration e.g. Process 1 " 
Process 1 
Process 2 


Process 2 é 
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Advantages of psedocode 
1) Converting a pseudocode to programming language is much more easier as compared 


to flowchart. 
2) It's easy to write pseudocode as compared to drawing flowchart (flowchart requires 


more time and efforts) and actual language program because pseudocode has few 
rules to follow. So it will concentrate on logic of program. 


Limitations of psedocode 
1) Graphic representation of program logic is not available in pseudocode. 
2) As there are no standard rules for writing pseudocode, different programmers may use 


their own style, which may cause communication problem. 


3.3 PROGRAMMING TECHNIQUES 

Before programming user has to decide the method in which program is to be 
developed. There are two basic techniques. 

1) Structured programming 

2) Modular programming 


1) Structured Programming 
In this programming method, the program is developed in hierarchy of modules 


where module refers to subprogram in the main program. It is a top to bottom approach. - 
Figure shows a typical structured program. In this technique three basic structures are 
normally adopted such as: 

1) A simple sequence 

2) A selection by decision 

3) A repetition 


Boy 


Simple sequence Selection sequence Repetition 
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2) Modular Programming 

In this programming method, a main module is prepared just by writing 
instructions of control. Submodules are prepared by writing required programs in the 
main program. Each subprogram may be called as “Functions” or “Procedures”. Each 
function performs a specific routine, which may be required many times in the main 


program. 


Modular programming reduces rewriting the subprograms. In “C” language 
modular programming is more popular. Modular programming allows complex problems 
to be divided into simple parts. All these parts (Modules) are controlled by a single 
program. Each module may be called as subroutine. 


2.4 SEARCHING 

To find any record (may be data item) matching the specific criteria in a group of 
items or list is called searching. 

For searching various algorithms are available: 

1) Linear searching 

2) Binary searching 


Linear Searching 
If ‘N’ items are given and you want to find whether item is present in group of 
items or not, then algorithm for that is as follows: 
1) Start 
2) Read N and item to be found 
3) Initialize counter i to 1. 
4) If B{i] = item then print item found at position i. 
else increment 1 
5) Ifi<N then go to step 4. 
6) Ifi>N then display “Item not found” 
7) Stop 
Here i =counter 
item = element to be searched 
B — array name (list name) 
Here th. N — Number of items in list 
fe the item to be found is compared with each element in the list. 
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Binary Searching . | 
It is a simple method to search a sorted list. We assume that elements are arranged in 
ascending order. Procedure is as follows, 
1) Calculate position of mid point element. a . 
2) Compare value of mid point element with the number. If desired value is less than 
the value of mid point element then reduce the search in second half considering 
mid point of the interval. 
3) Repeat the search if interval is not empty. 
4) On successful search, position is printed. 
In order to narrow down search, binary search is used. 
While using this searching method array should be sorted in increasing numerical 
order. 
Suppose DATA is an array, which is sorted in increasing numerical order, and we 
want to find out the location LOC of a given ITEM of information in DATA. 


Then binary search algorithm is applied, it works as follows. During each search 
for ITEM is reduced to a segment of elements of data: 


DATA [BEG], DATA [BEG +1], DATA [BEG+2],..... DATA [END] 


Here BEG and END variables denote beginning and end locations of the segment 
y under consideration. This algorithm compares ITEM with middle element DATA [MID] 
of the segment where MID is obtained by 
MID = INT [(BEG + END)/2] 


If DATA [MID] = ITEM then the search is successful and we set LOC: = MID 
otherwise a new segment of DATA is obtained as follows, 


a) If ITEM<DATA [MID] = ITEM then ITEM c 
segment. 


DATA [BEG], DATA [BEG +1].,..... DATA [MID-1] 
So we reset END:=MID-1 and begin searching again 


an appear in left half of the 


b) If ITEM > DATA [MID] then ITEM can ap 
segment. 


DATA [MID+1], DATA (MID+2]...... DATA [END] 
So we reset BEG: = MID+] and begin searching again, 


pear only in the right half of the 


c) If ITEM is not in DATA then eventually we obtain END < BEG 
It means that search is unsuccessful. In this case we assign LOC: = NULL 


(Generally we begin with BEG=! and END=N or more generally we can say BIG=LB 
and END=UB) 
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algorithm for Binary Search 
(Binary Search) BINARY [DATA, LB, UB, ITEM, LOC] 

Here DATA is sorted array with lower bound LB and upper bound UB and ITEM 
is given item of information. The variables BEG, END and MID denote respectively the 
peginning, end and middle location of a segment of elements of DATA. This algorithm 
finds the location LOC of ITEM in DATA or set LOC=NULL. 


1. [Initialize segment variables. ] 
Set BEG: = LB, END: = UB and MID=INT [(BEG+END)/2] 
2. Repeat steps 3 and 4 while BEG <= END and DATA [MID] # ITEM 
3. IF ITEM < DATA [MID], then: 
Set END: = MID-1 
Else: 
Set BEG: = MID+1 
[End of IF structure] 
Set MID: =INT [(BEG+END)/2] 
[End of step 2 loop] 
IF data [MID] = ITEM, then: 
Set LOC: =MID 
Else: 
Set LOC: =NULL 
[End of IF structure] 
4. Exit 


Complexity of Binary Search Algorithm 
The complexity is measured by the number of f(n) of comparisons to locate ITEM 


in DATA where DATA contains n elements. Each comparison reduces sample size in 
half. So we require at most f(n) comparisons to locate ITEM where 


f (n) = [log2n}+1 


Applications: 
(1) This algorithm is used to search ordered array. 
(2) To find out the target element whether it is present or not. If present; then 


correspondingly give position in the array. 


Limitations: 


(a) The given list must be sorted. 
(b) The access of list must be random means; the middle element can be accessed. 
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2.5 SORTING a 
Sorting is a process of arranging the data Items in ascending or descending order. 


To arrange the elements in ascending or descending order in array or list or for any dats 


structure various sorting algorithms are used. . | 
1) Sorting by selection 2) Bubble sorting 3) Shell sorting 4) Heap sorting 


Bubble sorting . 
Suppose the list of numbers A[1], A[2], ...... A[N] in memory. 


Step 1 — compare A[{1] and A[2] and arrange them in desired order so that A{1] < 
A[2]. Continue this comparison until we compare A[N-1] with A[N] and arrange them so 


that A[N-1] < A[N]. . a 
Step | involves n-1 comparison. So largest element is bubbled up to n™ position. 


Step 2 - repeat step 1 with one less comparison. Now we stop after we compare 
A[N-2] and A[N-1], so second largest element is bubbled at A[N-1] 


Compare A[1] with A[2] and arrange them so that, A[1] < A[2]. After N-1 steps 
the list will be sorted in increasing order. 


SOLVED EXAMPLES 
1) Write an algorithm to find whether given number is prime or not. 
Prime number is positive integer, which is divisible by itself and 1. 
Algorithm: 
1) Input number n. 
2) Ifn<=1, number is not prime and stop. 
3) Ifn=2, it is prime and stop. 
4) LetI=2 
5) Repeat 
a) Divide n by I, if remainder is 0 then n isn't prime and stop. 
b) I=I+1luntlI<=N-1. 
6) Stop. 


2) Write an algorithm to find factorial of given number 
Algorithm: 
1) Input n. 
2) Set product = 1 and count to 1 
While count < = N repeat. 
a) Product = product * count 
b) Count = count + 1. 
3) Product is actual factorial. 
4) Stop. 
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3) Write an algorithm to find Fibonacci Sequence 

0. 1, 1, 2, 3, 5, 8, 13 
In Fibonacci sequence the first two items are fixed i.e. 0 and J. After that each term 
js sum of two nearest predecessor terms. 
1“ term > i.e. a=0 
2™ term > i.e. b = 1 
the new term C=a+b 
again change a and b 
a=b 
b=C 
and again new term C=a+b 
This continues until the n"™ term. 
Algorithm: 
1) Read n. the number of fibonacci terms to be generated. 
2) 1“ terma=0, 2™ term b = | 
3) Initialize counter = 2 
4) While counter C <= n repeatedly do 

a) C=a+band display C 

b) a=b,b=C 
5) Stop 


3) Draw a Flowchart to exchange values of two variables 
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arene ereaeind 
1) Draw a Flowchart to find maximum 5) Draw flow chart to find number 
among given 3 numbers. average of first 10 numbers. 
Number given — A, B, C 


a0 


INPUT A, B, © 


YES Is No 
YES 


PRINT "A is maximum" PRINT °B is maximum" 


Declare AVG 
SUM =0,1=0 


QUESTIONS 


1) Select the correct alternative and rewrite the following: 
1) A diamond box is used to indicate in flow charts. 
a) Input, b) Output,e) decision, d) none of these 


2) Writing the program task in simple sequence and in simple English is known as 


a) algorithm, b) flow chart, c) code, d) none of these 


3) Arranging the items in list in descending or ascending order is called 
a) searching, bysorting, c) finding, d) none of these 
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4) _ pictorial representation of a logic of a program. 
a) flow chart, b) chart, c) pseudocode, d) picture code 


5) The number of comparison in linear search are that of binary 


a) less than,-b) greater than, c) equal to, d) none of these. 


6) is midway between algorithm and program. 
a) flowchart, by pseudocode, c) source code, d) none of these 


Aneswer: |) decision 2) algorithm 3) sorting 4) flowchart 
5) greater than 6) pseudocode 
2, What ate the steps involved in program development? Explain in brief. 
3 What are various symbols used while drawing flow chart? Explain it. 
-4° Define and Explain algorithm concept with suitable example. 
x What are the characteristics of algorithm? 
KO Define Flow chart and write the advantages of flow charts? 
7. Explain following terms: 
a)Sorting, b) Psedocode 
8. What is difference between modular programming and structured programming? 
9. What is sorting? State various algorithms used for it. 
10. What is binary searching? Explain it. 
11. Explain whole programming process in brief. 
12. Write al gorithm and draw flow charts for the following problems: 
b) To find minimum number among given 3 numbers. 
¢) To check whether the number is odd or even. 


d) To calculate sum of all odd numbers between 1 and 100. 


OOO 


3. INTRODUCTION TO C++ 


INTRODUCTION 

Bjarne Stroustrup at Bell Labs initially developed C++ during the early 1980's. It 
was designed to support the features of C such as efficiency and low-level support for 
system level coding. Added to this were features such as classes with inheritance and 
virtual functions, derived from the Simula67 language, and operator overloading, derived 
from Algol68. C++ is best described as a superset of C, with full support for object- 
oriented programming. This language is in wide spread use. 
C++ programs are fast and efficient, qualities, which helped make C++ an extremely 
popular programming language. 


Getting started: 

To write any C++ program (usually known as source code and file in which you save this 
program is known as source file.)you need a text editor.Text editor is 
soitware(supported by underlying platform) that allows you to create and edit text files. 
While after coding is over, to run your program, that should be made error free, this 
process is Known as compilation and compiler is a software tool which is doing this job. 
It converts your source code into machine understandable code(known as object code).It 
also displays the grammatical(syntactical )errors in your program. 


C++ programs can be created using any text editor. e.g. on Unix Operating System 
platform, use vi or ed text editor for creating and editing the source code. While on DOS 
Operating System, we can use edlin or any other editor available. 


Some systems like Turbo C++ and Borland C++ provide an i , 

development environment (IDE) under MS-DOS. lt ila < Rice 

eae which includes options such as file, edit, compile and run. We can create and 

ieee ae sa under the file option and edit them under the edit option. (C++ 

he cea — HaINE file extension .cpp). We can then compile the program under 
Pie option and execute it under the run option. The run option can be used 


without compiling the Oo 
& the source code. In this 
ais: case, the run comma y 


Another programm; 
m 
Cc +4(VC+4), Viasre oo by Microsoft that runs under Windows is VISUAL 
components can be salen ‘i ‘sual programming environment in which basic program 
predetermined methods (Refer sa menu choices, buttons, icons and other 
_" actical section for TCC and VC i 
++ editors.) 
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Writing a Simple C++ program: 

#include <iostream.h> 

void main () 

{ 


cout << "Hello and Welcome to world of C++\n"; 


} 


eo 


Output is :-- Hello and Welcome to world of C++. 
Explanation of the program: 


Here the first line in the program deals with the including of header file (iostream is Input 
—Output stream and known as preprocessor directive).It is needed to support all the in 
built io functions like cout (in this example.).The identifier iostream is the name of the 
file in standard C++ library. iostream included in <> brackets is known as standard 
header. 


Second line is the main function within the body of which you start writing the code for 
your program. Every C++ program must include one and only one main function. 


3rd and 5 “ line { and } actually contains program body.4th statement will output the 
given message on screen. Symbol << represents C++ output operator. When this 
statement gets executed, the characters enclosed in quotation marks (” ”’) are sent to 
standard output device(screen). 


Now let’s study various programming elements required to write a C++ program. 


3.1 DATA TYPES IN C++ 
The following chart shows different data types in C++. 


Data types in C++ 


a | 
Built-u Derived > Pointer 
User defined 
Inte nat | void \ | \ . 
on * FJoating fr Array Function 
int char 2 \ Chass 


Structure [ Enumeravion 


float double ia 


a 
Built-in data types 


< [Bytes® [Peseription 
= 


‘haracter or integer 


~ 


nteger 16 bits length. 


Integer. 
epends on the length of th 
yystem's Word type, thus in 
SDOS it is 16 bits long, 
whereas in 32 bit systems (lik 
indows  9x/2000/NT 
systems that work 
protected mode in x86 systems) i 


4 _ [floating point number. 


double precision floating point 
number. 


Boolean value. It can take one of 
two values: true or false NOTE: 
this is a type recently added by 
he ANSI-C++ standard. Not all 
-ompilers support it. 


float 
double 


OS at se ao 


eae. Pe 


“ a tt 


_JRange* TY 


8 bits length. signed: -128 to 127 


Its length traditionally\See short, long 
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unsigned: 0 to 255 

signed: -32768 to 32767 
nsigned: 0 to 65535 

signed:-2147483648 to i 

2147483647 
nsigned: 0 to 4294967295 | 

3.4e + / - 38 (7 digits) 

1.7e + / - 308 (15 digits) 


1.2e + / - 4932 (19 digits) 


true or false 


Values of columns Bytes and Range may vary depending on your system. The values 
included here are the most commonly accepted and used by almost all compilers. 

Both C and C++ compilers support all the built-in (also known as basic or fundamental) 
data types. Here void is a generic “nontype." void type is used as the return type for 
functions that do not return a value. With the exception of void, the basic data types may 
have several modifiers preceding them to serve the needs of various situations. 

The modifiers signed, unsigned, long and short may be applied to character and integer 
basic data types. However, the modifier long may also be applied to double. Data type 


representation is machine specific in C++. 
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Type Modifiers 
unsigned :--Doesn’t use sign bit (assumes int if base type is omitted). 
long :--May have twice as many bytes as base type (assumes int if base type is omitted). 
short:-- May have half as many bytes as base type (assumes int if base type is omitted). 
const :--Constant (values can’t be changed during execution). 
e Compound types - 
a) pointer 
b) arrays 
c) functions 
d) references 
e) classes 
f) unions 
g) enumerations 
(we will study these in the next Part,) 


3.2 VARIABLES 
Declaration of a variable involved name of the variable & its data type. Variables can 
be declared anywhere before they are used .. 
Syntax: data-type var I, var 2, .... 
e.g.: int varname ; 
and they are optionally initialized by the assignment of a literal value 
e.g. firxat varname= 0 ; 
Multiple variables of the same type are declared as a comma-delimited list after the 


lype, e.g. char varl,var2; 

A valid variable name may consists of alphabet, digits, underscore, but it can’t 
Start with a digit. 

e.g. int 45abc ; is not a valid variable name since it starts with digit. 


float f=3.14 23; is nota valid variable name since it contains space. 
(Refer topic identifiers) 
In C++ uppercase and lowercase variables arc treated as different variables. 
Variables have scope, that defines where from they can be refereed. Accordingly they can 
have global and local scope. If declared outside functions, variables have global scope 
(i.e. can be referenced from anywhere in the program) 
While if declared inside a function, variables have local scope - i.e. can be referenced 
only from within that function. (for details refer topic scope and visibility.) 


3.3 CONSTANTS 
Constants: are declared with the "const" keyword, a type, their name, and an assignment 


: their constant value. This value must match the declared type, and is fixed for the 
Uration of the program. 
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Syntax: const data type const_name = value; 
e.g. const float Pi = 3. 14; 
const char Blank =' ‘; 


Types of Constants 
1) Numerical constants 
a) integer constant —declared with const keyword and has fixed integer value. 


e.g. const int i = 10; 
b) character constant : declared with const keyword and has fixed character 


value. 
e.g. const char a= ‘\t’; 
When C++ compiler encounters such a character constant, it translates it into the 


corresponding ASCII code and stores that number (ASCII character set is a way 


of representing characters). 
Character escape sequences: Back slash (\) alters the meaning of the character 


that follows it. 
e.g. the character ‘a’ when typed after backslash, i.e. \a will mean to produce an 


available or visual alert signal. 
Backslash character | Meaning 


\a (alert) Produces an available or visible alert 
signal. 


c) Floating point constant: Also called as real constants. 


e.g. const double pi = 3.14; 
it can also be written using exponential notation. 
e.g. number 1234.56 is written as 1.23456B3. It indicates how many places the decimal 


point must be moved to change the number to the ordinary decimal notation. 


Suffixes for Numerical Constants - 
Integer constants default to the smallest integer type that can hold their value, Otherwis*: 
the following suffixes can be used (alone or together): u for Unsigned or L for Long 
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Floating point constants default to type double. Otherwise, the following suffixes can be 
used: f for float or L for long double 


d) String constant: A sequence of two or more characters surrounded by double quotes 
is called a string constant. This can also be defined as an array of character constants. 
e.g. char arr[5]="abede” ; 

(refer topic arrays in the next part.) 


e) Hexadecimal and octal constants: In day to day use, we use decimal constants having 
base 10 .Numbers can also be specified using base 8 & 16. Numbers represented using 
base 8 are having octal number system (uses 0 — 7 digits) while having base 16, are 
having Hexadecimal number system (uses numbers from 0 to 9 and letters A to F) 
The integer constants can be specified in hexadecimal or octal form. 
The octal number begins with letter 0 and hexadecimal number begins with Ox. 
e.g. OxAB is a hexadecimal no. 

0156 isa octal number 


2) Defined constants 

#define Directive(PREPROCESSOR directive:) 

The #define directive, causes a macro or symbolic name to be defined as a macro.ie.it 
sets up an equivalence between identifier and a text phrase. 


Syntax: #define macro_name replacement_list 
Or #define identifier text phrase 
e.g. #define Pl 3.14159 appearing at the beginning of the program specifies 


that the identifier PI will be replaced by text 3.14159 throughout the program. No 
semicolon should be specified. It can appear anywhere in the program, but normally 
specified at the beginning of your main program. 


c.g #define NEWLINE ‘\n' 
#define arrSize 100 sothe line char arr[arrSize] expands as char arr[100]; 


3) Symbolic constants: -- Enumerations 

In addition to the predefined data types C++ allows you to define your own special data 
types. This is done using several ways; one of the ways is to use Enumeration. An 
€numeration of symbolic constants is introduced by an enum declaration. This is useful 
for declaring a set of closely related constants. 


Syntax:-- enum typename {enumeration -list }; 
Here enum is a keyword, typename defines identifier that names the type being defined, 
and enumeration list stands for a list of names of the integer constants. 
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(north, south, east, west}; introduces four enumerators which have integra) 
; (i is 0, south is 1, etc.) 

; starting from 0 (i.e., north is 0, sou : eK a ee ee 
Ma detiuit ener of enumerators can be overruled by explicit initialization: 
like, enum {north = 10, south, east = 0, west}; Here, south is 11 and west is 1. 
An enumeration can also be narned, where the name becomes a user-defined type. This js 
useful for defining variables that can only be assigned a limited set of values. 


e.g enum 


en Days {Sunday, Monday, Tuesday, Wednesday , Thursday, Friday, Saturday}; 


sd; 
So! la d can only be assigned one of the enumerators for Days. 
Use: Enumerations are particularly useful for naming the cases of a switch statement. 
(Refer switch-case control structure) 
e.g. switch(d) 
{ 


case Sunday: Ves 
case Monday: Hiss 
case Tuesday: | ae 


case Wednesday: //... etc... 


} 


3.4 COMPILER TOKENS 
When a C++ compiler analyses a program, it breaks the program into tokens. A token isa 
distinct unit that is recognizable by the compiler. There are five categories of tokens: 
* keywords 
« literals 
« identifiers 
= operators and 
* white space includes: blanks, horizontal and vertical tabs, new line and form feed 
characters and comments 
Notes: 


In order to separate keywords, literals and identifiers, some white space is required within 
a program. White space may also be used to provide documentation in the form of 
comments (comments are explained later in this chapter) and to make the program 
ee (e.g. by indenting statements). A C++ compiler takes each token to be the 
ongest sequence of characters that can be used to form that token. Of course, it does this 


by starting at th inni ae 
“3 ohn nig beginning of the program and proceeding in a forward direction through 


Now let’s study each of the tokens one by one. 
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KEYWORDS 

Following are the keywords of the C++ language. (total 48).Keywords should be 
considered to be reserved. Keywords are not allowed to be used as variable names. They 
are as follows: 

asm ,auto ,break ,case ,catch ,char ,class, const, continue default ,delete, do ,double ,else 
enum, extern float for friend , goto ,if inline, int long, new ,operator, private, protected, 
public, register,return, Short, signed, sizeof, static, struct, switch, template, throw, try, 
typedef, union, unsigned, virtual, void, volatile, while 


INDENTIFIERS 

. A valid identifier is a sequence of one or more letters, digits or underline symbols 
(_). 

» there is no limit to the length of an identifier, , although for some compilers only 
first 32characters of an identifier are significant 

» Neither spaces nor marked letters can be part of an identifier. Only letters, digits 
and underline characters are valid 

» the underscore character '_' counts as a letter, In addition, variable identifiers 
should always begin with a letter. They can also begin with an underline character 
(_ ), Inno case they can begin with a digit. 

- case is significant and all characters are considered significant. 

- language's keywords should not be used to define an identifier 


LITERALS: 
Literal may be, character constant, integer constant, floating point constant, string 


constant. 


3.5 OPERATORS IN C++ 
An operator does some operation on operands and this operation is normally specified by 


operator's symbol. C++ has many operators, mainly classified as unary operators, 
Working on single operand and binary, working on 2 operands. 


Although C++ allows us to multiple meanings to the operators, yet their association and 
ai aage remains same. E.g. (*) multiplication operator is having higher precedence 
an (+) add operator. 


Follow; , : 

oe table lists all the C++ operators in order of non-increasing precedence. An 

Bi €ssion involving operators of equal precedence is evaluated according to the 
oclability of the operators. 
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Operators) _| Description(s) —| 


Ee _ " [Global scope (unary) | fight to left 


| Array element reference | lefttoright | 
> 


|Pointer to class member reference | left to right _i 
“las: : | lefttoright | 


Unary minus and plus | right toleft | 
>+,—- __|[Increment and decrement righi to left | 


h- __—[esieal negation and |'s complement | right to left 
Pointer dereference (indirection) and | right to left | 
address | | 


Vd 


R 
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right to left 
right to left 7 


Comma | left to right | 


Brackets are evaluated from the inside out, when dealing with multiple operators of the 
same level. Level evaluate from left to right 


Some of the important operators 


1) Arithmetic operators: They are used for mathematical calculations. An arithmetic 
expression is made up of constants, variables, a combination of both or a function call, 
connected by arithmetic operators. Following are the subtypes: 
a. Unary arithmetic operator 
Needs only one operand. 
e.g. +a, -b uses unary operator namely + (positive) and — (negative). 


b. Binary arithmetic operator 
Needs 2 operands. 
Following arithmetic separators need 2 operands. 
+ (Addition or plus) 
- (Subtraction or minus) 
* (Multiplication or star) 
/ (Slash or division) 
% (Modulus separators for remainder) 
This operator can’t be applied with floats or double type. 
e.g.a+b,c/d,a%b, etc. 
Here it gives remainder after division. 
e.g. 5%2 will give 1 as a remainder while 5 / 2 will give 2 as a quotient. 


¢. Ternary arithmetic operator 
Needs 3 operands. This is one of the special features of C++ language. (See 
conditional operator later in this chapter). 


2) Increment and decrement operators 

Some situations, a need may arise to increase or decrease, value of a variable by 1. 
C++ provides special operators ++ and —— to do the same. 
Mind it, these operators are unary i.e. warning on a single operand. 
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1 to increment or decrement constant or floating-point data type. 


an be of 2 types: | 
he value of the variable and then take this new 


Also it is illega | 
The incrementing and decrementing C 
a. Prefix: first increment/decrement t 


value for processing. ¢.g. ++a, --b . . 
b. Postfix: First take the value of the variable increment o 


at+, b— 
Use of Prefix and Postfix . 
Suppose initial values of a and b are 5 and 5 respectively. . 
Suppose, I do postfix operation on it i.e. a++ and b—and print them. Here values of a and 


b remain unaltered. i.e. 5 and 5 only. . 
While after postfix operation is done, values of a and b are printed them will be changed 


to 6 and 4 respectively. 


r decrement the variable. E.y. 


3) Relational operator: 

These are used to test the relation between 2 values. All C++ operators are binary 
operators and hence require 2 operands. 

A relational expression is made up of 2 arithmetic expressions connected by a relational 
operator. It returns zero when the relation is false while nonzero when it is true. 


|__ Operator | Symbol [| Form _ | Result | 
| | otherwise 0. | 
| otherwise 0 | 
Orequalto _| |_b otherwise 0 
requalto | | to b otherwise 0 | 
Equal to equal to ace Returns 1 if both are equal (same) __ 
Renned Sl Ra Returns | if both values are not 
equal 


The i 
. se iets are having lower precedence than arithmetic operators. 
‘8 at+b*c>d % fis evaluated as 


, (a+(b*c))>(d%f) 
) Logical operators: (Boolean operators) 


€ or m 
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After testing the conditions, they return logical status (true or false) 
They may be unary or bimary operators, and the operands may be constants, variables or 
even expressions. The operands may be integers/floating point numbers. 


Logical AND & & Y a&&b Returns lif a and b are nonzero 


else returnsQ _ 


eS 
— | —_ else 0 | 
Logical negation | Returns 1 if a is zero else | 
ee ee 


eg. if ((a<b) && (a<c)) 
{ 


cout << “a is smallest”; 


} 
Hierarchy of logical operators -- 
Logical NOT (!) operator has a higher precedence than other. 
While AND (&&) has higher precedence than logical OR (Il) 
They have lower precedence than the relational and arithmetic operators. 
Truth (Boolean) table for ! operator — takes only 1 operand(used for negation) 


(“Operator | Operand | Result 
Ne 1 
[1 | erie) 1 or nonzero | 0 


Operator 
(& &) Operand 2 


 && | False (0) | 
True 


a eo 
(nonzero 
True True 
If both the operands are true (nonzero) or if they are the ex 
then only result is true otherwise false. 


pression returning true value 
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Truth (Boolean) table for || operator: 


“Operand1 [| Operand (i) | Operand 2_| 
False (0) | [False (0) 


False (0) | 


Takes 2 operands. 


True (nonzero) _| 


Returns false (0) only when both the operands or expressions returns false otherwise 
always true. 


5) Conditional operator (?: ) 
It is ternary operator taking 3 arguments. The value at an _expression using conditional 
operator is the value of either its.2" or 3" operand, depending on the value of the first 


operand. 
This is equivalent to if.else control structure. (Refer if...else control structure in the next 


part) 


|__Operator__| Symbol _ | Form | _—_—sResult— Ss 
Conditional If a is nonzero, result is b, 
otherwise it is c 


In the above statement, the first operand is the test condition while 2" and 3™ represents 
the final value of the expression. The following expression assigns greater value of a & b 
to variable Max. 

Max = ((a>b) ?a: b); 


6) Assignment operator ( = ) 
= operator causes the value of the right i 
phar ght hand operand to be assigned to the left hand 


Th y) 
sabre hand operand, sometimes called as Ivalue, must always refer to a memory 


— Operator has right-to-left associativity. 
X=y=z=5: is interpreted as, (x=y=(z=5)); 
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7) Shorthand (compound) operators 


Cer suppor additional assignment operators combining assignment with each of the 
arithmetic operations, 


-Subtract-assign | = | 
[ “Multiply-assign [| += | a*=b | Equivalenttoa=a*b | 
ae Se eT 


8) Bitwise operators: 

Some special C++ operators can also work on the bits, so they may be called to as bit 
manipulation operators. 

They are used to manipulate or modify the individual bits of the piece of data. 

They can be used only with the integral built-in data type i.e. in connection with char or 
int. 


Pa |__One’s complement _| 
Right shift a by b 


a) One’s complement operator (~) 
The number is complemented (1’s complement) by replacing all 1’s by 0’s and vice 
versa. e.g. 1’s complement of 1100 is 0011. 


b) Right shift operator (>>) 

Operator on the single operand. 

Shifts each bit in the operand to the right. 

Number of places the bits are shifted, depends on the number following the operand. 
e.g, Suppose binary representation of a number x is 1001 1100 

then x >> | gives 0100 1110 

When number is shifted to right, left place is emptied and filled with 0. 
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Shifting operand one bit to the right is equivalent to dividing that number by 2. 
eg.  32>>I1 gives 16 

32 >> 2 gives 8 


hift (<<) operator : 
seal i - i operand to the left and zeros are added to right of the number. 
e.g. binary representation of a number is 11001001 
So when it is left shifted by 1, it’s equivalent is 1001 0010 
Left shifting by 1 is equivalent to multiplying number by 2. 


d) Bitwise AND operator ( & ) 
It works on 2 operands and both the operands should be the same data type as well as 


either char or int. 
The purpose of AND operator (&) is to clear the given bit. 


it Tt 2h) 
a a a Se el 
rs aa 
ae oa ie ae] 


€.g. 1100 0111 
& 


1011 0100 
Result 1000 0100 


e) Bitwise OR operator ( | ) 
It also works on 2 operands. It is used to set the resultant bit to | 


c.g. 1100 100] 
| 

1001 110] 

Result 1101 110] 
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f) Bitwise XOR (4) operator 


jt works on 2 operands. It sets the resultant bit if both the bits on which it operators are 


____ Bit1 4 Bit2 


e.g. 1011 1000 
A 

1100 1001 

0111 0001 


9) Operators dealing with streams 

a) Insertion operator (<<) 
Stream decides flow of data. There are many types of streams in C++,but dealing with 
input and output is called iostream.The operator dealing with output stream is called 
insertion or put to operator. It inserts the contents of the variable on its right to the object 
on its left. This operator is used along with output stream. 
c.g, cout << a; 
Here value at variable a declared in the program is printed on standard output 
device.(screen) 
While, cout << “a”; will display character a (included in double quotes) 
on the screen. 


b) Extraction operator (>>) 
It is get from operator. It extracts/takes the value from the standard input device i.e. 
keyboard and assigns is to the variable on its right. It is associated with the input stream. 
€.g. cin >> a; 
So value entered by the user from keyboard is assigned to variable a declared in the 
Program. 


10) Comma Operator 
Multiple expressions can be combined into one expression using the comma operator. 
The comma operator takes two operands. It first evaluates the left operand and then the 
right operand, and returns the value of the latter as the final outcome. 
©.8 int m,n, min; 

int mCount = 0, nCount = 0; 
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//... | 
min = (m <n? mCount++, m: nCount++, n); 


Here when m is less than n, mCount++ is evaluated a 
Otherwise, nCount++ is evaluated and the value of n is stored in min. 
This operator can also be used in multiple assignments in for loop 


e.g for(int i=0,int j=] ; i<=10 ; i++,j--) 


nd the value of m is stored in min, 


11) The sizeof Operator . . 
C++ provides a useful operator, sizeof, for calculating the size of any data item or type. It 


takes a single operand, which may be a type name (e.g., int) or an expression (e.g., 100) 
and returns the size of the specified entity in bytes. The outcome 1s totally machine- 
dependent. Following program illustrates the use of sizeof on the built-in types we have 


encountered so far. 


#include <iostream.h> 
void main () 


{ 


cout << "char size =" << sizeof(char) << " bytes\n"; 
cout << "char* size =" << sizeof(char*) << "' bytes\n"; 
cout << "short size = " << sizeof(short) << "' bytes\n"; 
cout << "int size ='' << sizeof(int) << '' bytes\n"; 


cout << "long size ='' << sizeof(long) << '"' bytes\n"; 

cout << "float size = " << sizeof(float) << " bytes\n"; 

cout << "double size = " << sizeof(double) << " bytes\n"; 
cout << "1.55 size =" << sizeof(1.35) << "' bytes\n"; 

cout << "1,55L size =" << sizeof(1.45L) <<" bytes\n"; 
cout << "string size = " << sizeof('"welcome") <<"'bytes\n"; 


When run, the program will produce the following output 
char size = 1 bytes 
char* size = 2 bytes 
short size = 2 bytes 
int size = 2 bytes 
long size = 4 bytes 
float size = 4 bytes 
double size = 8 bytes 
1.35size = 8 bytes 
1.45L size = 10 bytes 
String size = 7 bytes 
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12) Scope Resolution Operator 

C++ is also a block-structured language. Blocks and scopes can be used in constructing 
programs. We know that the same variable name can be used to have different meanings 
in different blocks. The scope of the variable extends from the point of its declaration till 
the end of the block containing the declaration. A variable declared inside a block is said 
to be local to that block. Consider the following segment of a program: 


fog wt 
- 
int x = 1; 
“ 


The two declarations of x refer to two different memory locations containing different 
values. Statements in the second block can not refer to variable x declared in the first 
block and vice versa. Blocks in C++ are often nested. For example, the following style is 
common: 


Block 2 | Block 1 


Block 2 is contained in block 1. Note that a declaration in an inner block hides a 
declaration of the same variable in an outer block and therefore, each declaration of x 
Causes it to refer to a different data object. Within the inner block, the variable x will refer 
to the data object declared therein. 
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In C, global version of a variable cannot be accessed from within the inner block. C+4 
resolves this problem by introducing a new operator : : called the scope resolution 
operator. This can be used to uncover a hidden variable. It takes the following form: 


Syntax :: variable_name ; . 
This operator allows access to the global version of a variable. Following program 
illustrates difference between local and global variable 


# include <iostream.h> 


int m = 10; // global m 
void main ( ) 
{ 
int m = 20; //m redeclared, local to main 
{ 
int k =m; 
int m = 30; //m declared again 


// local to inner block 
cout <<"'we are in inner block\n"; 
cout <<"k =" <<k<<"\n"; 
cout <<"local m =" <<m<<"'\n"; 
cout <<"' global m = "<< ::m<<"\n"; 


} 
} 
output is : we are in inner block 
k =20 ) 
local m =30 
global m = 10 


12) Memory Management Operators (new, delete) 
We use dynamic allocation technique when it is not known in advance how much of 


memory space is needed. C++ supports define two unary operators new and delete that 


perform the task of allocating and freeing the memory in a better and easier way. Since 
these operators manipulate memor 


y on the free store, they are also known as free store 
operators. 
(Also refer topic pointers) 


An object can be created by using new, and des 
: ; ’ estr 
required. A data object cre stroyed by using delete, as and when 


ob ated inside a block with new will remain in existence until 
using delete explicitly destroys it- 
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The new operator can be used to create objects of any 
form: 

Syntax: pointer_variable = new data type; 

Here, pointer_variable IS a pointer of type data-type. The new operator allocates 
sufficient memory to hold a data object of type data-type and returns the address of the 


object. The data-type may be any valid data type. The pointer-variable holds the address 
of the memory space allocated. 


type. It takes the following general 


e.g. P = new int ; q = new float ; 
Where p is a pointer of type int and q is a pointer of type float. Here, p and q must have 
already been declared as pointers of appropriate types. Alternatively, we can combine the 
declaration of pointers and their assignments as follows: 

int *p = new int; 

float *q = new float; 
Subsequently, the statements 


* _ . 
p=25; 
*q=755; will assign 25 to the newly created int object and 7.5 to the float 
object. 
13) type cast operator. 


C++ permits explicit type conversion of variables or expressions using the type cast 
operator. 

Syntax : type-name (expression) 

e.g. average = sum/float (i); 


Type conversions: Simple Type Conversion 
A value in any of the built-in types we have seen so far can be converted (type-cast) to 
any of the other types. For example: 


(int) 3.14 // converts 3.14 to an int to give 3 

(long) 3.14 // converts 3.14 to a long to give 3L 
(double) 2 // converts 2 to a double to give 2.0 

(char) 122 // converts 122 to a char whose code is 122 


(unsigned short) 3.14 // gives 3 as an unsigned short 


As illustreted by these examples, the built-in type identifiers can be used as type 
Operators. Type operators are unary (i.¢., take one operand) and appear inside brackets to 
the left of their operand. This is called explicit type conversion. When the type name is 
just one word, an alternate notation may be used in which the brackets appear around the 
Operand: 

int(3.14) issameas (int) 3.14 
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Implicit Conversions (automatic conversions) 


We can mix data types in expressions 
= rw ©) . . 
eg m=S5+ Wherever data types are mixed in an expression, C++ performs the 


is a valid statement. : race : 
oh is process is known as implicit or automatic conversions. 


conversions automatically. Thi ose ' 
When the compiler encounters an expression, it divides the expressions into sub. 
of one operator and one or two operands. For a binary operator, if 


expressions consisting . 
4 ‘ers, the compiler converts one of them to match with the other, 


the operands type diffe ae, . nis 
using the rule that the "smaller" type is converted to the "wider" type. For example, if one 
of the operand is an int and the other is a float the int is converted into a float because a 


float is wider than an int. This happens when values of different types are mixed in an 


expression. 
e.g. doubled=1; //d receives 1.0 


inti= 10.5; //ireceives 10 

i=i+d; // means: i = int(double(i) + d) 
In the last example, i + d involves mismatching types, so i is first converted to double 
(promoted) and then added to d. The result is a double, which does not match the type of i 
on the left side of the assignment, so it is converted to int (demoted) before being 


assigned to i. 


14) stream manipulation operators 
For formatting the data display, manipulator operators are used. Normally used with (<<) 


operator to modify or manipulate the way the data is displayed. These are present in 


<iomanip.h>header file. 
Some of the useful stream manipulators are:-- 


dec Sets base 10 integers. 

endl Sends a new line character. 

ends Sends a null (end of string) 
character. 

flush Flushes an output stream. 

hex Sets base 16 integers. 

oct Sets base 8 integers. 


setw(int) Sets field width. 


€8-  Cout <<”a="<<a<<end]: 
cout <<"b="<<b<<endl: 
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Here endl is a stream manipulator, causing a linefeed to be inserted into stream. Thus 
yalues of a and b are displayed on 2 different lines. 


3,6 COMMENTS in C++ 
Comments are important part of any program even though they are not mandatory to be 
given. Normally they are used to make program readable. The compiler ignores 
comments, so they do not add to the file size or execution time of executable program. 
They can be specifiedin C++ using // or /* */ 
/* the text to be commented */ is a single line comment, 
while // is used as a multiline comment. 
e.g. #include<iostream.h> 

void main() 


int a=10; 
/fFollowing declaration will display value of a on screen 
cout<<”a="<<a; 
} 
So in this program the text “Following declaration will display value of a on screen” 
won’t be compiled, so it will not be displayed on the screen. 
Comments are useful to make program readable, if programming code is large enough. 


3.7 SCOPE and VISIBILITY 

The scope or visibility of a variable determines whether it can be accessed from other 
functions in the same source file or in other source files. The position of an identifier 
within a block is also a factor in determining scope. In others words it is that part of a 
program over which the identifier can be seen by other identifiers and used by other 
identifiers. 


External variables, defined outside any block and memory for these is allocated once. 
Even though the external variable is declared more than once, it only has memory 
allocated to it once. Variables can be declared as global variables, available to everything, 
these are also known as external variables. External variables are defined outside of any 
functions and retain their values during the course of a program. 


Static variables are variables that are local to a function but which (unlike auto 
Variables) retain their values between invocations of the function - these are internal static 
Vanables, The second kind of static are external or global variables that are local to a file 
but not a part of any function. The main use of these is to hide the variable so that other 
Source code files don't see the variable. Static storage comes from a different memory 
allocation - it is allocated from a static area of memory so static variables within 
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functions can retain their values between calls to the functions. Static variables CaN be 
initialized to some value other than 0 but will only be initialized at the first call. 

Automatic variable inside a function doesn't exist until the function is called, At that 
time the memory for the automatic variable is allocated dynamically from a memory 
stack and released when the function is finished. Auto variables are not initialized at Start 


up but each time they are called and do not retain their values. 


Global variables can 
be referred anywhere in 
the code, within any 
function, whenever it js 
after its declaration. 


#include <iostream.h> 


int Integer; 
char aCharacter; 

char string [20]; 

unsigned int NumberO£Sons; 


Global variab les 


The scope of the local 

variables is limited to 

the code level in which 
Localvariables — they are declared. If 
they are declared at the 
beginning of a function 
(like in main) its scope 
is the whole main 
function. This means 


that if in the example 
above, moreover than the function main() another function existed, the local variables 
declared in main could not be used in the other function and vice versa. 


main () 
{ 


unsigned short Age; 
float ANumber, AnotherOne; 


cout << "Enter your age:" 


cin >> Age; Instructions 


In C++, the scope of a local variable is given by the block in which it is declared (a block 
is a group of instructions grouped together within curly brackets {} signs). If it 1s 
declared within a function it will be a variable with function scope, if it is declared in 4 
loop its scope will be only the loop, etc... 


In addition to local and global scopes exists the external scope, that causes a variable to 


be visible not only in the same source file but in all other files which will be linked 
together with. 
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QUESTIONS 
1.Select the correct alternatives. 


a) C++isa language 
(procedural, object oriented, structured) 

b) is a octal number 
(076,23,0xAC) 

c) is unary operator. 
(+,-,++) 

d) is a keyword in C++. 
(for ,int ,both) 

e) The size of int is bits. 
(2,6, 16) 

f) char is___data type 
(derived, built in,user defined) 


g)______variables are automatic variables by default. 
(static ,local ,global) 

h)___is ternary operator. 
(*, Pe) 

i) operator is used to give remainder after integer division. 
(% ,/ ,both) 

j)______ is a bit wise operator 
(&& ,&, *&) 

k).____ operator resolves ambiguity between local and global variables. 
(=, 50 F) 

l)___is a stream manipulator 
(for, while, setw) 

Answer: 


a) object oriented b) 076 c)++ d) both e)16 f) builtin g)local h)?: 
i)% j)& k):: I) setw 


2.Answer the following: 

1. Explain the structure of simple C++ program. 

2. Explain significance of comments in C++. 

3. What are different types of data types in C++? 

4. What are variables? Explain the difference between declaration and initialization of 
Variable, 

5. What is constant? Explain different types of constants. 

6. Explain different rules for a valid identifier. 

7. What are manipulators? Explain different stream manipulators in C++. 
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8. Explain different bitwise operators. 

9. Explain conditional operator. — 

10.What is significance of unary, binary, ternary operators? Explain with the example. 

11.What is scope resolution operator? How is it used to solve ambiguity between local 
and global variables? 

12. Explain automatic conversion. 

13. What are different operators dealing with streams? 

14, Explain the difference between prefix and postfix operator. . 

15.Expalin the significance of comments in C++? How they are specified? 


Programs For Practice 
1.Write a program in C++ to print product of 2 variables with postfix incremental value; 
and prefix incremental value. 
(Hint: prefix incremental product is; product = (++ number 1) * (++ number 2) 
Postfix incremental product is; product = (number ++) * (number 2 ++).] 


2. Given the following declarations: 
inta=0,b= 1, ¢ =-1; 
float i = 2.5, j = 0.0 
Evaluate the following and justify your answers: 
i) a>b, ii) b/c <i, iii) a<= b>=c, iv) a<=I==b, v)++a==b!=j*2 
Answers: i) 0, ii) 1, iii) 1, iv) 1, v) 1 


3. Given the following declaration 
inta=0,b=I1,c=-! 
float p = 2.5, q =0.0 
Evaluate the following and justify your answer. 
aja &&b, bya<b&&c<b,c)b+c!! la,d) (al! b)+(p!! ++ q) 
Answers: a) 0, b) 1 (true), c) 1 (true), d) 2 


4.Write the output of the following program 

#include <jostream.h> 

int a=20; 

void main() 

{ 
int a=10; 
cout<<"value of a is:"<<a; 
cout<<"now value of a 18:"<<::a: 


I 
QOO 
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Up till now we have seen built in data types and related operators now, in this part, we 

are going to study few derived (compound) data types. 


The flow of control: 

When a programmer is building a program, it is good practice to break the program down 
into pieces that can be thought of independently. Once the program has been completed, 
we can think of its execution as being a series of these pieces that work together in a 
certain sequence. These pieces then pass the control of the program between each other. 
While one piece has the control, the other pieces are inactive. This is known as the flow 
of control in a program. For implementing it , C++ provides few control statements. 


3.8 CONTROL STATEMENTS 

Control Statements, are ways for a programmer to control what pieces of the program are 
to be executed at certain times. The syntax of Control statements are very similar to 
regular English, and are very similar to choices that we make every day. There are two 
basic types of control statements: branching statements and loops. In branching 
statements depending on a certain condition a certain series of events will be executed, 
while loops let the user to have certain part in the program to be repeated depending upon 
the terminating condition specified in the loop. 


ontrol structures in C 


Selection (branching) Iterative (loops) 
If-else switch-case for while do-while 
Branching Statements: 


1. if statement : 
The first type of branching statement we will look at is the if statement. An if statement 
has the form: 
Syntax; if(condition) 
{ 


//code to be executed if condition is true 


//code to be executed if condition is false 
} 


statements ....; 
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See, 


Diagramatically it is represented as: 


False 
Test aaa False block of statements 
Expression 


we 
True block of statements 


Statemenis 


In an if statement, condition is a value or an expression that is used to determine which 
code block is executed, and the curly braces act as "begin" and "end" markers. 


/Program to find maximum between two numbers. 


#include <iostream.h> 
void main ( ) 


int x=3,y=4; 
if(x>y) 

cout <<’’x is greater than y”<<endl; 
else 


cout <<’’x is smaller than y”<<endl; 


Output is : x is smaller than y. 


Now let’s study how multiple conditions are combined using only if statement... 
Compound conditions in if (multiple if’s): 
You can have any number of if statements in your program. 


Following program combines multiple conditions in the if statement and o/p will be 
minimum of 3 numbers. 
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perrosram to find minimum of three numbers (using multiple if). 


#include <iostream.h> 
void main ( ) . 


{ 


int a, b, c; 

cout <<”Enter 3 numbers:”; 
cin >>a>>b>>¢c; 

if (a <b && a <c) 

cout <<”Minimum is:” << a << endl; 
if( b<a&& b<c) 

cout <<”Minimum is:” << b << endl; 
if(e <a && c <b) 

cout <<”Minimum is:” << c << endl; 


Output is: Enter 3 numbers: 3 2 6 

Minimum is: 2 
Many times, there arise a situation, where you need to work on interdependent 
conditions, C++ handles this by means of nesting(embedding 2 or more control 
structures/constructs) 


Nested selection statements (nested if else) 


Syntax :- 
: (test-condition 1) 


if (test condition 2) 


statement — 1; 


statement — 2; 


else 


Statement — 3; 


Statement — Xx; 
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Diagrammatically it can be represented as: 


True Test True 
—_—_> Condition - 2 > Statement -1 | 1 


| False | False 


| 


You can embed any number of if a statements within outer if statement. This is called 
nested ifs. The above program for finding minimum of three numbers can also be done 


using nested if-else statements. 
/ 
3. Program to find minimum of three numbers (using nested if). 


#include <iostream.h> 
void main ( ) 


{ 


int a, b, c; 
cout <<’’Enter 3 nos:”; 
cin >>a>>b>> Cc; 


if (a <b) 
{ 
if(a<c) 
cout <<”Minimum is:” << a << endl; 
else 
{ 


if (b <c) 
cout <<”Minimum is:” << b << endl; 


39 ® 
cout <<”Minimum is:” << e<< endl; 
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Output is 
Enter 3 numbers: 3 2 6 


Minimum is: 2 

Replacing if...else by conditional operator 

In the last chapter we have already seen ternary conditional operator. It can be used to 
replace if-else construct. 


{ree to find maximum of two numbers (using conditional operator). 


#include <iostream.h> 
void main ( ) 
{ 
int nol, no2, max; 
cout <<Enter 2 nos:”; 
cin >> nol >> no2; 
if (nol > no2) 
cout <<””Maximum is:” << nol << endl; 
else 
cout <<”Maximum is:” << no2 << endl; 
max = ((nol > no2) ? nol : no2); 
cout <<”"Maximum is:” << max << end; 


Program Explanation: Here conditional operator? : is used to determine maximum of 
given numbers. No.1 will be assigned to max if no.1 is greater than no.2 which is 
equivalent to if part while, if no.1 is less than no.2, no.2 is assigned to max which is 
equivalent to else part. 


Note: A common programming error: 


#include <iostream.h> 
void main ( ) 


int no; 
cout <<”Enter the number:”; 
cin >> no; 
if (no = 50) 
cout <<Number is:” << no; 
else 


cout <<”Number is not equal to” << no: 
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an 
Output is : Enter the number: 70 
Number is 50 


This program will result into logical error. Here expression (no = 5Q) assigns value 59 to 
no which is treated as true condition and there if part gets executed. 

It is corrected as if (no = = 50) . 

Now let's study how multiple conditions can be handled++ will provide you to use eithes 
multiple else-if s (called else-if ladder) or switch-case construct. 


Else-if ladder: 
This is normally to be used in making multipath decisions. 
Syntax: 
if (condition 1) 
Statement 1; 
elseif (condition 2) 
statement 2; 
elseif (condition 3) 
statement 3; 


elseif (condition n) 
statement n; 
else 


default statement; 
statements.....; 


Diagrammatically it is represented as: 


false 


default 
statement 


Statement 2 


Here all conditions are tested and the respective block is evaluated, corresponding to 


Satisfaction of a condition. 


If aa | 
; ake of the conditions returns true, then else part (which is equivalent to default case in 
WHCH ... case construct) is evaluated. 
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Following program uses else-if ladder control structure to decide the grade of the student. 
ie Program to find class according to % marks (using multiple path) 


include <iostream.h> 
void main ( ) 


int total; 

cout <<”Enter total marks:”’; 
cin>>total; 
if (total > 100 & & total <= 0) 

cout << “Invalid”; 
elseif (total >= 70 && total < 100) 
| cout << “Distinction”; 
| elseif (total >= 60 && total < 70) 
| 
} 
| 


cout << “First class’’; 
elseif (total >= 50 & & total < 60) 
cout << “Second class”; 
else 
cout << ‘Fail !”; 


Output is : Enter total marks:85 

Distinction. 
Program Explanation: In this code, by using else-if ladder, total is checked against 
various conditions and accordingly grade of the student is declared. So here o/p will be 
distinction if total marks obtained by student is in between 70 and 100, first class when 
it is in the range of 60 to 70, second-class if it is in the range of 50 to 60. To impose both 
the conditions, we have made use of && operator. 
Two extreme conditions are also checked i.e. if total is —ve no. or if it exceeds 100, 50 
program will print invalid and simply terminates. 
If none of the above conditions, net, then simply fail will be displayed on the screen. 


2.switch statement: 
The next branching statement is called a switch statement. A switch statement is used in 
place of many if statements. The switch statement allows a programmer to compound a 
group of if statements (else-if ladder), provided that the condition being tested is an 
integral constant i.e. either integer or character. It is also called as multiple branch 
Selection statement. 
Syntax: switch(integer_val) 

{ 


case value_! : // code to execute if integer_val is value_| 
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break; 
case value_n // code to execute if integer_val is value_n 
break; 
default: // code to execute if integer_val is none of the above 


Here expression returning an integral constant is matched against all cases and Only 
matching case is evaluated. No two cases are equal. The default clause is optional, but ; it 
is good programming practice to use it. The default clause is executed if none of the othe; 
clauses have been executed. This proves to be more efficient than using multiple j; 
statements when we need to select between many conditions/alternatives. But the 
difference between if and switch construct is ,switch can test only for equality ,unlike jf 
whith tests for any relational or logical expression. 


rograms: Deciding the day of a week using switch-case construct. 


‘ing ae h> 


' main() | 
| 


int day; 
cout<<”’Enter number in the range of 1 to 7 to get corresponding day:”; 
cin>>day; 
switch(day) 
{ 
case 1: cout<<”’Today is Sunday”; 
break; | 
case 2: cout<<”Today is Monday”; | 
break; 
case 3: cout<<’’Today is Tuesday”; | 
break; | 
case 4: cout<<”Today is Wednesday”; 
break; 
case 5: cout<<”Today is Thursday”; 
break; 
case 6: cout<<”Today is Friday”; 
break; 
case 7: cout<<”Today is Saturday”; 
break; 
default:cout<<”Not a valid day”; 
break; 
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Output is: Enter the number in the range of | to 7 to get the corresponding day :3 

Today is Tuesday 
If none of the case is matched i.e. if you give any number other than | to 7 default case is 
evaluated and output is : Not a valid day 
Significance of break keyword: --break keyword is optional to be given, But if you do 
not specify break keyword, compiler won’t flag any error, but all the case statements will 
be executed following the matching case. The break keyword means, "jump out of the 
switch statement, and do not execute any more code." 


3,Unconditional control structure (goto) 

Up till now we have seen flow of control going conditionally. But if you want to go at 
any point in the program, unconditionally C++ lets you to do this by using goto 
construct.goto makes use of label to locate the place at which program control should be 
passed. A label is not a keyword but any valid variable name. Also it can be given 
anywhere and to the any statement in the program and may be placed above or below 
goto construct. It can also be used to construct a loop. But it is not a good programming 
practice to use goto in your program. 


Syntax: 1) goto label ; 
label: statements.....3 
2) label: statements.....; 
goto label ; 
e.g. #include<iostream.h> 
void main() 
{ 
int x=100; 
abc : X--; 
if(x>0) 
goto abc; 


3.9 Iterative(repetitive)control structures (Loops):--- 
l.for statement :-- 
syntax: for(initial_value ; test condition ; step) 


{ 
} 


// Code to execute inside loop 
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Here initial_value sets up the initial value of the loop counter. 
test condition is the condition that is tested to see if the loop is executed again. 
step describes how the counter is modified(incremented or decremented) on each 
execution of the loop. And code inside the for loop is executed till condition js Betting 
satisfied 
6. Program to find addition of first 10 numbers using for loop. 

f nclude<iostream.h> 

void main() 


{ 


int total=0; 
for (int i=1; i < 11; i++) 


total = total + i; 
} 


cout<<”sum of first 10 numbers is--:”<<total; 


Output is: sum of first 10 numbers is--: 55. 

Program explanation : Here i is acting as a loop control variable or counter. For each 
iteration value of i is getting modified, in this case it is incremented by 1.So finally loop 
is aborted when value of i will reach value 11. You can use same variable many times in 


different loops provided scope of that variable is finished in the first loop, then only you 
Can use it in second. 


Nesting Of For Loop 
Nesting means, loop inside a loop. You can nest for loop inside the other for loop. 


7, Program to prints multiplication table for numbers 1 to 5 (using for Loop). 
: #include<iostream.h> 


#include<iomanip.h> 
void main() 


for(int count1=1 ;countl<=5;countl++) 


for(int count2=1;count2<=5;count2++) 


cout<<setw(5)<<count1*count2; 
cout<<endl; 


ction to C++ 
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Output is : l23 4 § 
246 8 10 
x 6 DD 2 3S 
4 8 12 16 20 
5 10 15 20 25 


Program explanation: In this program, second for loop is nested inside the first for loop. 
Each iteration of first for loop (Count 1) will print one row of the multiplication table and 
second for loop (count 2) iterates, from | to 5 for each of the iteration of first for loop. 

In this program we have used a stream manipulate setw, to set the width of the output 
field for each number printed. 

Here expression setw (5) means to set the output field width to 5 columns. It is a stream 
manipulator. For this we have included <iomanip.h> file. 

Here endl is given outside the second for loop and inside the first for loop so that 
multiplication table for each of the number is printed on a separate line. 


2.while statement 
Syntax : while(condition) 
{ 


} 


Condition is a Boolean statement that is checked each time after the final "}" of the while 
statement .If the condition is true then the while statement executes again. If the condition 


is false, the while statement does not execute again. 


// code to execute 


7. Program to print sum of first 10 numbers using while loop. 


| #include<iostream.h> 
void main() 


{ 
| int total=0,i=1; 
| while(i < 11) 


total = total + i; 
i++; 


} 


cout<<’sum of first 10 numbers is--:”’<<total; 


Output is: sum of first 10 numbers is--: 55. 
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Now let's study how while loop is used to repeat a computation, till, the condition, 
imposed by user. 


In a single run of the program, you can do any number of computations till condition 
given in while is true. 


Following program prints the square root of given numbers using standard (built in) 
library function sqrt () present in <math.h >file , till number entered is greater than () 


_ & Program to print the square root of given numbers using standard (built in) 
library function 

| 

| #include<iostream.h> | 

| #include<math.h> 

| void main() 

i{ 

double number; 

cout<<”Enter a positive number:”’; 

cin>>number; 

while(number>0) 

{ 


cout<<”’square root of’<<number<<’’is”<<sqrt(number)<<endl; 
| cout<<”’Enter the next number or enter 0 to quit:’’; 
| cin>>number; 


Output 

Enter a number: 81 

Square root of 81 is: 9 

Enter next number or enter 0 to quit: 4 
Square root of 4 is: 2 

Enter next number or enter () to quit: Q) 


Program Explanation: 
In this program square root of a given number is calculated repeatedly using while 


| user presses 0 or some negative number, When 0 is given, loop is not execulé 
since condition won’t satisfy and program is terminated 


loop til 
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3,Do.....while statement. 


When you want to execute loop at least once, then instead of while, you can choose 
do...while loop. In this loop, also test condition is checked at last, so loop is executed at 


jeast once even though condition is not getting satisfied while entering the loop itself..... 


// code to execute 
} while(condition) ; 


e.g Same program we have done using for and while is now done using do...while loop. 
9. Program to print sum of first 10 numbers using (do.... while) loop. 


#include<iostream.h> 
void main () 
{ 
int total=0,i=0; 
do 
{ 
total = total + i; 
i++; 


} 
while(i < 11); 
cout<<”’sum of first 10 numbers is--:”<<total; 


Output is : sum of first 10 numbers is--:55. 


3.10 Use of break and continue: 

Break and continue both are the keywords. break statement causes rest of the statements 
in the loop’s block, jumping immediately to the next statement outside the loop, while 
continue statement transfers execution to the next iteration of the loop. It continues the 
loop after skipping the remaining statements in its current execution. 


Aborting an Infinite Loop a 

The loop will continue to execute forever, if there is no way provided for termination, 
Called infinite loop. Break or exit(0) function ,are used to terminate this infinite loop. 

So if you don't provide a mechanism for termination (like exit (0) or break) then you will 
Set infinite loop. So to stop in between press (ctrl + c) keys on keyboard. 
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10. Program to use break statement to terminate infinite loop. 
4 #include<iostream.h> 

void main() 

{ 
int n,i=1; 
cout<<”’Enter a positive integer:”’; 
cin>>n; 
long sum=0; 
while(true) 


{ 


if(i>n) 
break; 
sum+=i; 
i++; 
} 


cout<<”sum of first “<<n<<” integers is:”<<sum; 


Output is : Enter a positive integer:10 
sum of first 10 integers is:55 
Enter a positive integer: -10 
sum of first 10 integers is:0 


in the while loop itself is true, 
hen value of i (getting modified 


displayed on the screen, 
One advantage of using 
terminate immediately wi 
the loop block. 

Thus break can be used to terminate t 


a break statement inside a | 


; : Oop is that it causes the loop to 
thout having to finish execy 


ting the terminating statements it 
he loop, "breaking out" of the iteration at that point 
Normally a while loop, do...while 
the end of the complete sequence 
an be placed anywhere among the 


other statements within the loop; € used to terminate a loop anywhere from 


within the loop's block. 
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11. Program to use break and continue 


#include<iostream.h> 
yoid main() 


{ 


int number; 
for(; ;) /finfinite loop. 


cout<<”Enter the number:”; 


cin>>number; 
if(mumber % 4==0 ) 
continue; 
if(mumber % 5 == 0) 
| break; 


cout<<”’At the end!!!”; 


} 


cout<<’’ Completely outside !!! ”’; 


Output is: 

Enter the number:8 
Enter the number: 10 
Completely outside!!! 
Enter the number:7 
At the end!!! 


Program Explanation: -- When number entered is 7, both of the if conditions are false 
and displays At the end !!! 

While, when number entered is 8, for next iteration, the first if condition is true (8 is 
completely divisible by 4), so control skips over the rest of the statements inside the loop 
and jumps immediately to the top of the loop again to continue with its next iteration. 
Now, when number entered is 10, second if condition gets true so control breaks out of 
the loop and jumps immediately to the first statement that follows the loop displaying 
Completely outside !!! 


Use Of Exit (0) Function 


The exit ( ) function provides another way to terminate a loop. 
€n it is executed, it terminates the program itself. 
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12. Program to Generate Fibonacci Series 


ee a 
| #include<iostream.h> ) 


| yoid main() 


cout<<’Enter a positive integer:”; 
cin>>limit; 
cout<<”Fibonacci numbers less than<< limit<<”are”<<”:\n0, 1”; 
long term1=0,term2=1; 
for(; 5) 
| | long term3=term1+ter:n2; 
| if(term3>limit) 
exit(0); 
cout<<”,”<<term3; 
| term1=term2; 
| term2=term3; 


Sane ee 


Output is: 

Enter a +ve integer: 300 

Fibonacci numbers less than 300 are: 

0,1, 1, 2,3, 5, 8, 13, 21, 34, 55, 89, 144, 233 

Here in this program, since there are no statements following the loop, terminating the 
loop is same as terminating the program. 


3.11 FUNCTIONS IN C++ 


To make larger programs manageable, programmers modularize them into subprograml 
or small modules called functions. Functions are intended to do a particular task. The! 
can be compiled and tested separately and can be reused in other programs. Ths 
Complexity of the entire program can be divided into simple subtasks, these subtasks ast 
easier to write, code and debug. Standard C++ library is a collection of pre-defin : 
functions called library or in-built functions and other program elements, which 3 
accessed through header files. While user can also write his/her code to have a functio® 
called user-defined function. Thus Functions let us create logical groupings of code. 
The typical function layout is : 
return-type function_name(list of parameters) 


local variable declarations; 


body of the function; 
return statement; 


} 


where the value returned by the return statement must match the return type. (If function 
never returns a value you may leave out return statement, and use a return type of void.) 


ACH fi on should have a prototype, declaring its arguments and return type. 
13. Program to display area of circle. 
double area(double); 
_#include<iostream.h> 
‘void main() 


{ 


//function prototype. 


double r,a; 
cout<<”Enter radius:’’; 
cin>>r; 


a=area(r); //function call. 
cout<<’’Area of circle is:’’<<a; 


double area(double r) //function definition 
double a; 


a=3.14* r*r; 
return a; 


Output is: Enter radius: 3 


Area of circle is: 28.26 . | 
Sampprogram can be done by defining return type of the function to be void. 
13/Program to display area of circle (using return type function) 


void area(double); //function prototype. 
#include<iostream.h> 
void main() 


double r,a; 

cout<<”Enter radius:”; 

cin>>r; 

area(r); //function call. 
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void area(double r) //function definition 

‘ 

double a; 


a=3.14*r*r; 
cout<<”’Area of circle is:”<<a; 


3.12 Default arguments 

Functions taking values are called arguments or parameters. They are not mandatory ,, 
be given .When programmer initializes values while specifying arguments, it is said thy 
function takes default arguments. They even can be specified in the prototype. 


14.Program to demonstrate use of default arguments. 


void add( int a, int b = 0,int c=6 ); 
#include<iostream.h> | 
void main() : | 

| 


add(3); 
add(3,5); 
add(1,2,3); 


void add(int a,int b,int c) 
{ 


} 


| 
cout<<(a+b+c); | 
i 


Output is : 9 14 6 


Program Explanation: --When first add function is invoked with parameter 3,output 
9(since it expanded as 3+0+6) | 


When second add function is invoked with parameter 3 and 5,output is 14(since H 
expanded as 3+5+6) 


When third add function is invoked with parameter 1,2,3 respectively, output is 6(sincé My 
expanded as 1+2+3) Here values of b and c specified in prototype as default argumet 
are overridden by those which are specified during function call. 


Rule: The default parameters must be the in the last position. 
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eB function( int a = 0, int b = 10, int c ), — // compilation error as missing default 
arameter for parameter 3 


But , function (int a, int b = 0, int c = 10); // OK .No error !! 


3,13 TECHNIQUES USED TO PASS VARIABLES INTO C++ FUNCTIONS 
1. Pass by value 
9. Pass by reference with a pointer 
3. Pass by reference using a reference 


1. Pass by value: 

The function receives a copy of the variable. This local copy has scope, that is, exists 
only within the function. Any changes to the variable made in the function are not passed 
hack to the calling routine. The advantages of passing by values are simplicity and that is 
guaranteed that the variable in the calling routine will be unchanged after return from the 
function. There are two main disadvantages. First, it is inefficient to make a copy of a 
variable, particularly if it is large such as an array, structure or class. Second, since the 
variable in the calling routine will not be modified even if that's what is desired, only way 
to pass information back to the calling routine is via the return value of the function. Only 
one value may be passed back this way. 


. Program to demonstrate use of pass by value. 


void passbyvalue(int); 
#include<iostream.h> 
void main() 


| { 
int i=4; 
passbyvalue(i); 
cout << "iis :" <<i<<" \n"; 
} 


void passbyvalue(int i) 


i=i+1; 


} 
Output is : j is 4. 


Program Explanation: Since i was passed by value, the local copy in the function gets 
incremented. The copy in main remained unmodified and still i will be 4. 


ee renee 
2. Passing by reference using a pointer: 

A pointer to the variable is passed to the function. The pointer can then be manipulated i 

change the value of the 

pointer itself since it gets a local copy of the pointer. However, the function can change 

the contents of memory, the variable, to which the pointer refers. The advantages of 

passing by reference are that any changes to variables will be passed back to the calling 

routine and that multiple variables can be changed. 

(For this refer pointers later in this chapter). 


16. Program to demonstrare use of passing by refernce using pointer. 


void passbyptr(int *newi); 


#include<iostream.h> 

void main() 

{ | 
int i=4,*ptr; | 
ptr = &i; //set the pointer to the address of i 
passbyptr(ptr); 
cout<< "iis :"<<i<<"\n"; 

} 


void passbyptr(int *i) 
{ 


*j = *i +1; 


Output is : iis 5 
Since i was passed by reference, the function received a pointer to the variable. By 
properly dereferencing, i was incremented to 5. 


— 3. Passing by reference using a reference: 
nae -— ce “4 alias to a Variable. Any changes made to the reference will alse 
thisinodiflontions a pi When variables are passed into a function by reference, 
cones of tise waiahiexn y deen will be seen in the calling routine. Since no local 
passing multiple oo Ea made in the function, this technique is efficient. Additionally. 
(see the ton; s into the function can modify multiple variables. 

opic reference, later in this chapter) 


; 
| 
variable in the calling routine. The function cannot change the | 


ce 


sntroduction to C++ 79 
si 


17. Program to demonstrare use of passing by reference using reference 


yoid passbyref(int &); 
#include<iostream.h> 
void main() 
{ 
int i=4; 
int &m=i; Hreference to i. 
passbyref(m); 
cout << "jis :""<<i<<"\n"; 


} 
void passbyref(int &i) 
{ | 


i=i+1; 


Output is: iis 5. 


Since i was passed by reference, the variable in the calling routine is modified. 

By default, parameter is called pass-by-value, while Pass-by-reference, or reference 
parameters, allows the function to alter the value of a variable passed to it. Pass-by- 
reference is achieved by placing an ampersand before the parameter identifier in the 
function header. Arrays and structures are automatically passed by reference. (refer 
arrays later in this chapter) 


main function in C++:-- 

Every program has main() function. Valid definitions of main() have return type ‘int' 
(explicit or implied).This is the case in both Standard C and in C++. If you write, for 
example, void main(){ } ,the compiler is obligated to diagnose an error in C and C++.The 
return value from main() is supposed to be supplied to the calling environment .Some 
systems appear not to care whether you return a value, but some report error conditions 
based on the garbage value which main() otherwise implicitly returns. 


3.14 FUNCTION OVERLOADING 

Overloading is one of the features of object-oriented languages. 

C++ provides 2 types of overloading: 

4) Function overloading b) operator overloading 

Now let’s study function overloading. A function is said to be overloaded when it is 
declared more than once in a program. Overloading allows a set of functions that perform 
4 Similar operation to be collected under the same name. It provides alternate interfaces 
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(different implementations) to the same function. When there are several declarations , 
the same function, the compiler determines which function should be called by eXaminin 
the argument signature (number of arguments, or data type of the arguments or both) : 
the function call. i 
So it is nothing but one of the ways of representing polymorphism (compile time) 
object oriented technology.(In next year we are going to study polymorphism as on : 
the object oriented features) 


18.Following program calculates the area of circle and rectangle using Overloaded 
function area 


double area (int); 
nt area (int,int); 
tinclude<iostream.h> 
oid main() 
{ 
int r,l,b; 
double areacircle, arearect; 
cout<<"Enter Length and breadth:"; 
cin>>I>>b; 
arearect=area(I,b); 
cout<<"'area of rectangle is:''<<arearect<<endl; 
cout<<"Enter radius:"; 
cin>>r; 
areacircle=area(r); 
cout<<"'area of circle is:"<<areacircle; 


double area(int r) 


{ 
double areal; 
const double pi=3.14; 
areal=(pi*r*r); 
return areal; 

} 

nt area(int I,int b) 


int area2=|*b; 
return area2; 
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utput is: Enter Length and breadth:3 § 

area of rectangle is:15 

Enter radius:3 

area of circle is:28.26 
Here area function ts said to be overloaded. Since it takes different arguments (in 
number). The requirement ts arguments of functions should either differ in number or 
type oF both. Return type of the function doesn’t matter. 


3,15 INLINE FUNCTIONS 


An inline function is a function whose code gets inserted into the caller's code stream. 
Thus, when a function is declared as inline, it tells the compiler to replace each call to the 
function with explicit code for the function. 
Like a #define macro, inline functions improve performance by avoiding the overhead of 
the call thus inline functions are new design approach to speed up program execution. 
They save memory space, as the calls to the same code need not be duplicated in 
memory.When you declare an inline function, it looks just like a normal function: 
void function 1 (int x, char y); 
But when you define an inline function, you prepend the function's definition with the 
keyword inline, and you put the definition into a header file: 
inline void function 1(int x, char y) 

//function code....... 
.} 
But note that overuse of inline functions should be avoided since it can cause size of the 
code getting larger and that might cause the operating system to thrash, i.e. use of inline 
function can cause negative side effects also, like it can limit the portability of your code 
across platforms. 
19. Program to demonstrare use of inline function 


int square (int); 
#include<iostream.h> 
void main() 


int number=5; 
cout<<''square of the given number is:''<<square(number); 


inline int square(int a) 


return (a*a); 
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Whenever inline function is called, the code of the function is inserted by the compiler, 
above program is equivalent to :-- 

void main() 


{ 


3.16 RECURSION (Recursive functions) . | 
When function, calls itself within its body, it is called as recursive function. But note tha 


the value of the argument of the passed argument must be different. Recursion is also 
called as circular definition. Note that all the functions can’t be made recursive. 


cout<<"square of the given number is:”<< (5*5); 


20.Following program calculates factorial using recursion. 


int factorial(int n); 
#tinclude<iostream.h> 
void main() 
{ 
int n,f; 
cout<<"'Enter the no,of which factorial is to be found:"'; 
cin>>n; 
f=factorial(n); 
cout<<''Factorial is:"<<f; 


} 


int factorial(int n) 


{ 


int fact=1; 

if(m==1) 
return 1; 

else 

{ 
fact=factorial(n-1)*n; 
return (fact); 


Output is : Enter the no, of which factorial is to be found : 3 
Factorial is: 6 


fact rial e 
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Alternatively it can be represented as n*(n-1)! 

Which can also be written as n*(n-1)*(n-2)! —_.. .ete. 

That means you are repeating calculation of factorial with different parameters (with one 
argument less) every time. 

Thus in this case recursion is used. 


Tracing of the above program is as follows... 


Factorial(3) execution trace. 
Call n n==0 n* Factorial(n-1) returns 
First 3 0 3 * Factorial(2) 6 
second 2 0 2 * Factorial(1) z 
0 I 

l ] 


Third 1 1 * Factorial(0) 
fourth 0 


3.17 ARRAYS IN C++ 

An array consists of a set of objects (called its elements), all of which are of the same 
type and are arranged contiguously in memory. Each clement is identified by an index, 
which denotes the position of the element in the array. The number of elements in an 
array is called its dimension. The dimension of an array is fixed and predetermined; it 
cannot be changed during program execution. Arrays are declared with the number of 
storage locations indicated, but array element references start at zero. 

Arrays are suitable for representing composite data, which consist of many similar, 
individual items. Examples include: a list of names, tables of students roll number, or the 
monthly transactions for a bank account. 

Note that data type of all the elements in the array is same. 

An array variable is defined by specifying its dimension and the type of its elements. 

e.g. int rollnum[10]; 


Indexing the array accesses the individual elements of the array. The first array element 
always has the index 0. Attempting to access a nonexistent array element leads to a 
serious runtime error (called ‘index out of bounds error). 


Caution:--Using an index value outside the array bounds can have unpredictable results. 
You are actually requesting direct access to memory that is not within the confines of the 
array! Since C++ by default has no bounds checking, the programmer must take on this 
responsibility. If a program that uses arrays exhibits strange behavior, the programmer 
should check carefully to make sure all array element references are within bounds. 


SS 
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Processing of an array usually involves a loop that goes through the array element by 
element. 

Like other variables, an array may have an initializer. Braces are used to specify a list of 
comma-separated initial values for array elements. 

e.g. int numbers[3] = {1, 2,3}; 

Initializes the three elements of numbers to 1,2,3 respectively. 


Note: Array can be initialized but can’t be assigned. 
e.g. int a{3]={1,2,3}; 
int b[3]={4,5,6}; 
b=a; /TERROR!!:arrays can’t be assigned. 


21.Following program accepts and displays array elements 


#include<iostream.h> 
void main() 
{ 
int a[5],i; 
cout << ''This Program is to input 5 numbers and display them”; 
cout << "Enter 5 numbers:”; 
for (i=0; i<=5; ++i) 


cin >> afi]; 
} 
for (i=0; i<=5; ++i) 


{ 
} 


cout <<”Element number’’<< i+1 <<”:"<< "\t'"'<< ali}; 


Output is : This Program is to input 5 numbers and display them 
Enter 5 numbers : 12345 
Element number | : 
Element number 2 : 
Element number 3 : 
Element number 4 : 
Element number 5 : 


Wr WHY — 
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Array Of Characters (strings):-- 
A C++ string is simply an array of characters.(string literal) 
yg, char str[] = "HELLO", 

defines str to be an array of six characters: five letters and a null character. The compiler 
inserts terminating null character. 
Alternatively it can also be defined as 

char str[] = {‘H', 'E’, 'L', 'L’, '0’); 
A string literal is a sequence of characters enclosed within double quotes. The storage 
class of a string literal is static. A compiler initializes the memory occupied by a string 
literal with the specified character sequence. A null terminator (which denotes the end of 
the string) is also included. The size of the string literal is the number of characters 
enclosed within the double quotes plus one for the null terminator. 


The compiler concatenates adjacent string literals. 
eg. inti = sizeof("i++"); His= 
char arr{] = "1++"; // arr is a char array of size 4 
It is easy to calculate the dimension of an array using the sizeof operator. 
For example, given an array arr 
so the dimension of arr is: sizeot(arr) / sizeof(datatype) 


While there was no built-in string type in the original definition of C++, there were a 
number of strings processing functions provided as part of the standard library and 
declared in the header file 'string.h'. The more common of these include: 


String concatenation :-- 
char* strcat(char *dest, const char* src); 


appends src to dest and retums dest. 


String comparision :-- 
int stremp(const char* sl, const char* s2); 


compares the two strings, s1 and s2. 
If sl <s2 (if s1 is before s2 alphabetically), a value less than O is returned. 


If sl ==s2, the value 0) is returned. 
If s] > 2), a value greater than 0 is returned. 


String copy:-- The strcpy function copies its second argument to its first, character by 
character, including the final null character. ‘ 
char* strcpy(char* dest, const char* src); 
copies src to dest and returns dest 
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String length:-- The strlen function counts the characters in its string argument up to (py, 
excluding) the final null character 

int strlen(const char* s); 

returns the length of s, not counting the null character. 


Passing array to the function: - 

Array can be passed to the function as a parameter,. When array is passed to the function, 
in the call to the function, we provide the name of the array, which is nothing but 
address of the first element in array, the function uses this address to access the array 


contents. The size of the array can also be specified, 


22.Following program passes array to the function and calculate sum of its elements 


void sum1(int[],int); 
#include<iostream.h> 
void main() 
{ 
int a[]={1,2,3,4}; 
int size=sizeof(a)/sizeof(int); 
cout<<"'sum of the array elements is:"'; 
sum1(a, size); 


void sum1(int a[],int size) 
{ 
int sum=0; 
for (int i=0; i<=size; i++) 


{ 

sum+=a[i]; 
} 
cout<<sum; 


Output is ; sum of the array elements is: 16 


Multidimensional Arrays 

An array of arrays is referred to as multidimensional array, An array may have more 
than one dimension (i.e., two, three, or higher). The organization of the array in memory 
is still the same (a contiguous sequence of elements), but the programmer's perceived 
organization of the elements is different. 

e.g. int twoDim[3] [2] = { {1,11}, {2,12}, (3,13}}: 
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e above declared is 2-d array that is viewed as a one-dimensional array of one- 
gimensional array. 


23.Following program illustrates reading and printing 2-d array:-- 


#include<iostream.h> a 


void main() 


int arr[3][3]; 

| int row,col; 

| cout<<"'Enter elements of matrix:"'; 

for(row=0;row<3;row++) 

| for(col=0;col<3;col++) 

| cin>>arr[row][col]; 

| cout<<"'Elements in the matrix are:""<<endl; 

| for(row=0;row<3;row++) 

{ for(col=0;col<3;col++) 
cout<<"\t''<<arr[row][col]; 
cout<<""\n"; 


Output is : Enter elements of matrix: 123456789 
Elements in the matrix are: 1 2 3 
4 $5 6 
7 8 9 


3.18 POINTERS IN C++ 
Pointer is simply the address of a memory location and provides an indirect 


way of accessing data in memory. A pointer variable is defined to ‘point to’ data of a 
Specific type. 
©.g. int *ptrl; // pointer to an int 

char *ptr2; // pointer to a char 
The value of a pointer variable is the address to which it points.(i.e. address of the 
memory location where variable is stored) 
€2 int variablel; we can write: 

ptrl = &variablel; 


The symbol & is the address operator, it takes a variable as argument and returns the 
memory address of that variable. The effect of the above assignment is that the address of 
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variablel is assigned to ptrl. Therefore, we say that ptrl points to value of Variable; 
Following figure illustrates this diagrammatically. 


A simple integer pointer. 


Given that ptr! points to variablel, the expression 

*ptrl dereferences ptrl to get to what it points to, and is therefore equivalent to 
variable1.The symbol * is the dereference operator; it takes a pointer as argument ang. 
returns the contents of the location to which it points. 

In general, the type of a pointer must match the type of the data it is set to point to. 

A pointer may be cast (type converted) to another type. For example, 


ptr2 = (char*) ptr1; 


converts ptrl to character pointer before assigning it to ptr2. 
Regardless of its type, a pointer may be assigned the value 0 (called the null pointer). 


Pointer Arithmetic 
In C++ one can add an integer quantity to or subtract an integer quantity from a pointer. 
This is frequently used by programmers and is called pointer arithmetic. Pointer 
arithmetic is not the same as integer arithmetic, because the outcome depends on the size 
of the object pointed to. For example, suppose that an int is represented by 4 bytes. Now. 
given 

char *str = "HELLO"; 

int numbers[] = {10, 20, 30, 40}; 

int *ptr = &numbers[0]; // pointer to first element 


str++ advances str by one char (i.e., one byte)( pointer will advance by the number of 
bytes of its data type), so that it points to the second character of "HELLO", whereas 
p++ advances ptr by one int (i.e., four bytes) so that it points to the second element of 
numbers. Following figure illustrates this diagrammatically. 


i eae nts 


It follows, therefore, that the elements of "HELLO" can be referred to as *str, *(str + 1), 
#(str + 2), etc. Similarly, the elements of numbers can be referred to as *ptr, *(ptr + 1), 
*(ptr+ 2), and *(ptr + 3). 


Pointer comparison:--You can compare two pointers of compatible type for equality (or 
inequality). 


3.19 Reference variables in C++:--allows two variable names to address the same 
memory location. The following example shows the technique in its simplest form. It 
should be noted that a reference does not create a copy of a variable, but merely a 
symbolic alias for it. 


24.Following program demonstrates use of reference variable. 


#include<iostream.h> 
void main() 


{ 


int var; 

int &reference_var = var; 

var = 100; 

cout << "' original variable is = " << var<< endl; 

cout << " reference variable is = '' << reference_var << endl; 


Output is: original variable is = 100 
reference variable is = 100 


A reference must always be initialized when it is defined: it should be an alias for 
something. It would be illegal to define a reference and initialize it later. 
double &var1; // illegal: reference without an initializer 
var] = num2; 


you can also initialize a reference to a constant. In this case a copy of the constant is 

made (after any necessary type conversion) and the reference is set to refer to the copy. 
int &n = 1; //n refers to a copy of 1 

The most common use of references is for function parameters. Reference parameters 

facilitates the pass-by-reference style of arguments, as opposed to the pass-by-value style 
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25.Following program demonstrates passing reference variable to function. 


#include <iostream.h> 
void funl(int& ref); 
void main() 


int var=3; 
funl(var); 
cout << var; 


} 
void funl(int& ref) 
{ 


ref = 2*ref; 


This program prints "6" (2*ref doubles the value of variable referenced by ref,i.e var), 


3.20 ARRAYS AND POINTERS 
Arrays and pointers are very closely related C++ compiler interprets the name of the 
array as an address of the first element. You can traverse the whole array with the help of 


pointers. Once the pointer is initialized to the starting address of the array, it works like 
an index of the array. 


26. Following program demonstrates traversing array with the help of pointers:- 


#include<iostream.h> 
void main() 


int a[5]; 

int *p; //Pointer is initialized 

p=a; /fit is equivalent to p=&a[0); 
cout << "Enter elements of array:"; 

for (int i = 0; i<5; i++) 


cin>>a[i]; //it is equivalent to cin>>*p; 


cout <<"'Array elements displayed using pointers are:"; 
for (int j = 0; j<5; j++) 


cout<<*(p+j) ; 
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Qutput is : Enter elements of array: | 2 3 4 

Array elements displayed using pointers are: 1 2 3 4 


c4+'s Dynamic Allocation: 
C++ provides the way to allocate memory dynamically (at the run time) by 2 memory 
management operators namely, new and delete. 
The new operator returns a pointer to allocated memory. 
Syntax:-- ptr_var = new datatype (initializer); 
You can initialize the allocated memory to some known value by using an initializer. 
The delete operator frees memory. 
Advantages: 
o Size is computed automatically. 
o Noneed for explicit type cast. 
o mew and delete can be overloaded. 


Warning:--In C++ it is possible to access and modify the unallocated memory locations, 
but it should be avoided. 


E.g. int a[5); 
int * p=a[4]; //p points to the last element. 
++); //now p points to memory past last element. 
*p==3; //danger!!!!!!!!'Don’t even think of doing it!!!!!{1tt! 


#include <iostream.h> 


| #include <stdlib.h> 

| _ Void main() 

| { 

int * > 

| p = new int (50); // initialize to 50 
if (!p) 
{ 


cout << "Allocation error\n"; 
exit(1); 


a8, 


cout << "At" <<p<< 5 ; 
cout << "the value is " << *p << "\n"; 


delete p; 


Output is : At 0x00780DA0 the value is 50 
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Functions, returning the reference:- a | 
A function may return a reference. A function 's return type may be a reference Provides 
that the value returned is a Ivalue, which is not local to the function, which gives us | 
facility for treating function as Ivalue (on the left side of the assignment of operator) 


28. Following program demonstrates returning refernce from function. 


int & returnref(int &,int &); 
#include<iostream.h> 
void main() 
{ 
int a=2,b=1; 
cout<<a<<b<< returnref (a,b); 
returnref (a,b)=5; 
cout<<a<<b<< returnref (a,b); 
} ; 
int & returnref(int &a,int &b) 


if(a>b) 
return a; 

else 

return b; 


Output is : 212 
7 £3, 


Thus returnref() function allows us to return a reference to the larger of two variables 
passed to it. 


QUESTIONS 
1 Fill in the blanks by selecting correct answer. 
i) In control structure, depending on a certain condition a certain series of event 


will be executed. (iterative, branching) 
technique changes made in function are local to the function and not 
reflected in caller function. (call by value, call by reference) 
iii) Conditional operator is equivalent to following control structure. 
(for, do ... while, if .. else) ug 
iv) In loop, condition is tested after first iteration. (do... while, while) 
v)_____ is used to continue next iteration of loop. (break, continue, goto) 


ii) In 


vi) 8 unconditional control structure. 


vii) _— 18 called as circular definition. (Inline function, Recursive function) 

viii) Strings in Ct aretreatedas_ (integer array, float array, character array) 
ix)__--— is an alias for the variable to which it is assigned. (reference, pointer) 

x) In context with the pointers, is the de-reference operator. (&, *) 


(goto, if...else, switch-case) 


Answer: i) branching ii) call by value iii)if...else iv)do...while Vv) continue vi) goto 
vii) Recursive function viii) character array ix) reference x) * 


2. Answer the following. 
i) | What are control structures in C++ ? 
ii) Explain the difference in while and do...while loops 
iii) | Explain else-if ladder with the example. 
iv) Explain the significance of break in switch-case construct. 
v) What is infinite loop? How it can be broken? 
Vi) Explain the use of continue statement in C++. 
vii) | Can program control be passed unconditionally, if yes how? 
vii) Is it possible to have nesting of the loops in C++? How? 


ix) | What is function? Explain advantages of using function in your program. 


x) What is the difference between function prototype, function call and function 


definition? 
xi) Explain following terms associated with the functions: 
a).Recursive function .b)Default arguments. c) Function overloading 
d)Pass by value Vs. Pass by reference. e) Inline functions 
Xli) | What is array? Explain advantages of arrays. 
xiii) Explain multidimensional arrays. 
xiv) What are pointers and reference in C++? 
Xv) How array can be traversed with the pointers? 


Xvi) Explain how arrays are passed to the function. 
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Programs for Practice 


|.Write the program to do following using for and do—while loop. 


ba 345074 .ci008 nthe value of n should be accepted from user. 


2.Write a program to display Fibonacci series using recursion. 
3.Write a program for 4 function calculator using if-else and switch case. 


(Here accept the 2 numbers (operands) from the user; also accept type , 
operation to be performed on these operands. If user inputs “*”, it shou 
display multiplication of given numbers, If user inputs ‘/”’, it should display 
division of given numbers etc). 


4.Take the year as an input from user and decide whether it is leap year or not. 


5. Display following using for loop. 


a) KKH b)1 c) aie ae fe 2ie ote oie kk ak 2c ok 
**EK | 2 3 16 i 2 Oe 2k oe ok 
*** 12 3 4 5 * 


: 1234567 : 
6. Display following | 
] 
123 
1234 
12345 
(Here number of rows should be accepted from user.) 
7 Using while loop compute sum of the series: 1?+274324.....¢n° 
(The value of n should be accepted from user.) 


sing multidimensional arrays display addition of 2 matrices. 
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4.VISUAL BASIC 


{NTRODUCTION 

| This chapter introduces VB's Integrated Development environment (IDE) and the 
basic principles of developing applications with visual tools and event programming. We 
will study the steps of creating a simple application (Math Calculations) and the 
component of the Visual Development Environment. 

In this chapter, we will take a tour of the environment and discuss the basics of 

developing user interface. After completing this chapter one can write a program in VB 
with few lines. 


4.1 ONE LANGUAGE, THREE EDITIONS 
We assume that you have installed VB6. This means you have already decoded 
which edition of VB you are going to use. 
Visual Basic comes in three editions 
1) The VB Learning Edition 
2) The VB Professional Edition 
3) The VB Enterprise Edition 


The Visual Basic Learning Edition 
It is the introductory edition that lets you easily create windows applications. It 


covers with all the tools you need to build mainstream windows applications. 


The Visual Basic Professional Edition 
It is for computer professionals and includes advanced features such as tools to 


develop Active X and Internet Controls. 


The Visual Basic Enterprise Edition a 
It is the advanced edition and is assigned at programmers who build distributed 


applications in a team environment. It includes all the features of the Professional 
Edition, plus tools such as Visual Source Safe (a version control system) and the 


Automation and Component Manager. 
Depending on which edition 

fewer or more options in the menus an 
VB is not just a language. It is an Integ at 

you can develop, run, test and debug your applications. 


of Visual Basic you have installed, you may see 


ntegrated Development Environment in which 


Visual Bag, | 
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4.2 Study Of Integrated Development Environment (IDE) 


Using the IDE 


Getting started with Vb - — 
the following types of applications: 


With VB, you can create 
a) Standard EXE: It is a typical application. 

b) Active X EXE, Active X DLL: These types of projects are available with ty, 
professional edition. Active X components are OLE automation SETVices 
Active X components are basic code — building components that don't have , 
visible interface and can add special functionality to your applications. 


Active X Control: An Active X Control such as a text box or a commang 
button control is a basic element of the user interface. You can build your ow 
custom controls. 


Active X Document EXE, Active X Document DLL: Active X documents 
are VB applications that run in the environment of a container that suppons 


hyperlinking. (such as Internet Explorer) . 
VB Application Wizard, VB Wizard Manager: The application wizard 
takes you through the steps of setting up the skeleton of a new application. 


The wizard manager lets you build your own wizard. A wizard is a sequence 
of windows that collect information from the user. 


~~ 


c 


d 


~~ 
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f) Add-In: You can create your own add-ins for the VB IDE. Add-ins are 
special commands you can add to VB's menus (they appear under the Add-Ins 
menu) 

The “New Project" window has three tabs: New, Existing and Recent. In the New 

tab, you can select the type of a new project, as explained already. 


Existing tab will select an existing project and open it. 


Recent tab is clicked to open a project you worked on recently. It contains a list of 
the most recently opened projects. 


Select the "Standard EXE" icon in the new project window and then click OK 
open a new VB project. 

What you now see on your screen is the VB IDE, which is made up of a numbe! 
of components. The main window, in the center contains a form (Form 1). The form © 
the application’s window, and in it you place the element of your applications usef 
interface (check boxes, command buttons and so on). 
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—_ View code button View form button 
~ Proje tt - Miceosott Visual Basic [design] 


e 


* Foml — 


3 = 
Project explorer 
Proporties 
window 
Form layout 


Fig.(4.1) A new Visual Basic Project Screen 
The Menu Bar 


The basic menus are: 


a) File: Contains commands for opening and saving projects and creating 
executable files and a list of recent projects. 


b) Edit: Contains editing commands. e.g. undo, copy, paste, find, replace. 
c) View: Contains commands for showing or hiding components of the IDE. 


d) Project: Contains commands that add components to the current project, 
references and new tools to the toolbox. 


¢) Format: Contains commands for aligning the controls on the form. 
f) Debug: Contains usual debugging commands. 

g) Run: Start, break and end execution of the current application. 

h) Query: Available when building database applications. 


1) Diagram: Available when building database applications used for editing 
database diagrams. 
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j) Tools: Contains tools those are needed in building Active X component, rhe 
Active X controls. 


k) Add-Ins: Command, to add and remove add-ins. 
1) Window: Commands to arrange windows on the screen. 
m) Help: Contains information to help you as you work. 


The Project Explorer 


Displays the components of the project. simple projects are made of a single forp, 
The project window is called Project Explorer, because it has the look of Windoy, 
Explorer. 


Toolbox and Property Editor 
The Toolbox 

Contains the icons of the control you can place on a form to create the 
application’s user interface. By default, the toolbox contains the pointer icon and the 
icons of 20 Active X controls. To place a control on a form, you first select it with the 
mouse and then move the mouse over the form. The cursor turns into a cross and you can 
draw the control on the form. 


In addition to the default toolbox (called general) you can create custom layouts 
by right-clicking the toolbox and selecting "Add tab" from the shortent menu. 


The Properties Window 


Contains the property settings for the selected control. Properties are attributes of 
an object such as, its size, caption and colour. For €.g. caption property for a command 


button, backcolour property of form, appearance (0 for flat look and | for 3 dimensional 
etc. 


The Form Designer 
_ itis the main window in the middle of the screen and in it you design and edit the 
application’s user interface. The same window displays text editors in which you Ca . 


enter and edit the applications code. The form designer displays two windows for eat? 
form: a)The form itself, b) A code window 


The Form Layout 


, You can use the form layout window, in the lower-right corner of the VB IDE, 
¢lermine the initial positions of the forms in your application. This window is useful 


application’s that use multiple forms because you can specify how each form is 
positioned with respect to the main form. 
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qhe Immediate Window 

At the bottom of the IDE is a debu 
code while it executes, change the values 
code, and then continue the execution of an application. 


43 The Elements Of The User Interface - Use Of Controls 


‘The first element of the user interface is the Form. This is the window displayed 
at runtime, and it acts as a container for all the elements of the interface. The elements are 


shown as icons in the toolbox. 


Pointer Picture box 
Label «A [abl Text box 
Frame —_a5 ess Command button 
Check box ——__4 =  - Option button 
Combo box +—— 8 Es. | List box 
Horizontal scroll bar __—__f >) ie Vertical scroll bar 
Timer —" = BS Drive list box | 
Boe : 
Directory list box <————| } 2 ~ File list box 
Shapes #8 Lines 
image box -—_f] @ Data tool box 


Object linking embedding ——inv 


Fig. (4.2) Layout of toolbox 


4) Picture Box: This control is used to display images, and the images are set with the 


Picture property. 


b) Label: This control displays text on a form that the user can't edit. Set the labels text 


With the "Caption" property. 


° Textbox: Displays text that the user can edit. It is a mini text editor. "Text" property 


Can set the text or read the text that the user enters. 


gging aid. You can step into the applications 
of the variable or even insert statements in the 
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d) Frame: Used to draw boxes on the form and to group other elements. | 


e) Command Button: Represents an "action" i.¢., carried out when the user Clicks th. | 


| 
button. | 


/more choices that the user can select. Main property j, 


f) Check Box: Presents | and '1' if the check box is checked, 


"Value", and it is '0' if the check box is cleared, 
; . : Appear in groups and the user can choose only | | 
g) Option Button (or Radio buttons) z ae _ ; : 

of them. Main property is "checked" and it is "True if the control is checked, and | 


‘False’ otherwise. 


h) Combo Box: Similar to the List Box control, but it contains text edit field. The user | 
can enter/choose an item from the list and enter a new string in the edit field. 


i) List Box: Contains a list of options from which the user can select one or more. The | 
user can scroll the list to locate an item, unlike a group of check boxes or option | 
buttons. 


j) Horizontal and Vertical Scrollbar: It let’s the user specify a magnitude by scrolling | 
the control's button between its minimum and maximum value. 


k) Timer: To perform tasks at regular intervals. Main property is "Interval" which 
determines how often the timer notifies your application. 


1) Shape: Used to draw graphical elements. 
m) Line: Similar to shape control, the line control is used to draw lines on the form. 


n) Image: similar to the picture box control, in that it can display images, but suppot 
few features of the picture box control. 


0) Data: Provides point-and-click access to data stored in databases 


p) OLE: This control is a window you can pla n 
other applications, such as MS Word or roel, Se ERI “ent Nedhioat elon “0 
The property setting 


The properties Window shows the property Setting menus like caption, control Box, Fo" 


as shown in fig.(4.3). With these setti 
on the form. mes we can arrange the appearance of the controls 
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; Properties - Form? 


a laa SOS OPE EON, RT EI 


Fig. (4.3) Property Window 
etus see a very simple window design: 


Program 1: Program to display “Hello” 
Code: 
Private Sub Command !_Click() 
Text1.Text = "Hello" 
End Sub 


Private Sub Command2_Click() 
Textl.Text = "Bye" 


After pressing Hello 
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Program explanation: Command buttons | 
1) Command] : caption = Hello, On click event of this button Hello is displayeg 


in text box. 


2) Command? : caption = Bye, On click event of this button Bye is displayeg j,_ 
text box. 
QUESTIONS 
Q. 1) Select the correct alternative and rewrite the following: 
1) is the extension for Visual Basic project file. 
a) vbp, b) exe, c) vbs, d) Vba 
2) control appears in group and user can choose only one of them. 


a) Check box b) Option button c) Command d) None of these 


3) control displays list of all folder on current driver. 
a) Drive list box b) Directory list box c) File list d) None of these 
4) control is used to insert document from another application. 


a) OLE b) Shape c) OEL d) None of these 
Answers:1) vbp 2) option button 3) Directory list box 4) OLE 
2. State the features of Visual Basic. 
3. What are various components of Visual Basic IDE? Explain it. 


4. State use of following controls in Visual Basic. 
a) Text box b) Command button c) Combo box d) Frame 


5. Explain use of following window. 
a) Form layout, b) Properties window 


Programs for practice 


1) Create an application in Visual Basic to calculate area of triangle. 
2) Create application in Visual Basic to calculate simple interest if principle amount 


period, and rate is given. 
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TT 
|4VB PROGRAMMING 


1) Variables: In VB, variables store values during a program's execution. Variables are 
placeholders in whom you can leave values and recall them at will. A variable has a 
name and value. In your code, you can refer to the value of a variable by the variable's 
name. 


2) Declaring Variable: Variables must be declared in advance for the compilers. If the 
compiler knows all the variables and the types that are going to be used in the 
application ahead of time, it can produce an optimized code. 


Explicit Declarations: to declare a variable, use the "Dim" statement, followed 
by the variable name and type as follows: 
Dim meters as Integer 


Dim greetings as String 


Implicit Declarations: The variable type is variant, the generic data type that can 
accommodate all other data types VB adjusts its type according to the value you assign to 
it. 

Dim varl, var2 
vari = "Thank you" 
var2 = 49,99 


The var 1 variable is a string variable and var 2 is a numeric one. 


Variable Naming Conventions 
A variable name: 
1) Must begin with a letter. 
2) Can't contain an embedded period or any of the type — declarations character. 
3) Must not exceed 255 characters. 
4) Must be unique within its scope. 


Types of Variables There are a variety of numeric data types, viz. 
1) Numeric 1) Integer 
2) String 2) Single 
3) Boolean 3) Double 
4) Date 4) Long 
5) Object 5) Currency 
6) Variant 
Length Strings 


String variables have variable lengths, you can also specify fixed length strings 
With a statement, like; | 
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Dim some text as string * 1000, the variable is long enough to hold 109 
characters. 


Date Variables 
Dim day! as Date, day2 as Date, 
Day! = Date ( ) 
The dayl variable will be the current date, you can easily find the number of 
years, months and days between 2 dates with the help of year ( ), month and day ( j 
functions. 
e.g.: Year (day 2 — day 1) 
Month (day 2 — day 1) 
day (day 2 — day 1) 
Object Variables 
e.g. Dim aas command button, 
b as command button 
set a= command 1 
set b = command 2 
-a-caption = “Hi" 
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b-caption = True 


3) Constants: Some variables don't change the value during the execution of a program. 
There are "constants" that appears many times in your code. For instance, if your 
program does math calculations, the value of pi (3.14159...) may appear many times 
in your code. These values are best represented by constants. 

a) Constants don't change value 

b) Constants are produced faster than variables 
Declaration: Constant constantnance [as type] = value 
e.g. Public constant pi as Double = 3.14. 

The constant name follows same rules as variable names. 


4) Arrays: A standard structure for storing data in any Programming Language is an 
array. Arrays can hold sets of related data. The values stored in an array can be 
accessed by an index. 


Declaring Arrays 
Dim Salary (15) the parentheses include the maximum’ numbers of elements the 
array can hold. 
Salary (0) is 1st person's salary, Salary (1) is 2nd person's salary, and so on. 
Dim names (15) 
Assign values to elements of both arrays, as follows: 
names (0) = "for doe" 
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salary (0) = 34000 


This structure is more compact and convenient than having to hard code. The 
james and salaries of employees in variables. 

You can specify the type of elements with the "As" keyword. 

Dim names (15) As String 

Dim salary (15) As Long 


All elements in an array have the same data type. But, when the data type is 
variant, the individual elements can contain different kinds of data. 


Multidimensional Arrays 

A 2-dimensional array has 2 indices. The first identifies the row and the second 
identifies the column. The benefit of using multidimensional arrays is that they are 
conceptually easier to manage. 

e.g. an array board could be declared as follows: 

Dim board (10,10) As Integer 


Board (1,1) =0 


Dynamic Arrays 

Sometimes you may not know how large to maké an array. Instead of making it 
large enough to hold the maximum number of data, you can declare a dynamic array. The 
size of a dynamic array can vary during the course of the program. To create a dynamic 
array declare it as usual with the Dim statement, but not specify its dimensions 

Dim Dym Array( ) 

Later in the program, when you know how many elements you want to store in 
the array, use the ReDim statement to redimension the array with its actual size. 


Redim DymArray (10) 
5) Functions: A function is similar to a subroutine, but a function returns a result. 
Because a function reports a result, it must have a type. 
e.g. Date ( ) => returns current date 
Abs ( ) => returns absolute value of its argument. if the argument is +ve, it 
returns it as it is, if it is —ve, it inverts its sign. Vb and all other PL provide a number 
of built-in functions for those needed most frequently by developers. But each 
developer has special needs and you can't expect to find all the procedures you may 
ever need in a PL. Sooner or later, you will have to supply your own. Functions are 
called by name, and a list of arguments follows the name in parentheses. If you don't 


care about the return value, you can call the function with the call statement 
e.g. Call Convert ( ) , 
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Ne cee accesses RADA AA Ae AL AAA AA A AAA 
Built-infunctions 
| Function 


EE a 
——$——$—_ 
———<—$—$—$——— 
———— 


Return Value 


| Abs Absolute Value of anumber ey, 
Ase “ASCII or ANSI code of acharacter a: 
= Chr ‘Character correspo nding to given ASCII or ANSI code | fe 
| Cos _—«| Cosineofanangle tener. 
L Date 7 Current date as a text string anh ceeneeniieamyeemaseiemes | 
Now __ Current time. time and date tie | 
Sin ___| Sine of an angle | 
a Sqr Square root of a number 4 


Str Number converted to a text string ee 
Time Current time as a text string 


Val Numeric Value of a given string 


Program|: To find the Area Of Circle 
| Code: 


| Private Sub Command 1_Click() 
| Text2.Text = 3.14 * Textl.Text * Textl.Text 
| 


End Sub 
| Private Sub Command2_Click() Private Sub Command3_Click() 
Textl.Text="" End Sub 
Text2.Text =" " End | 
| End Sub 
| 
Sample Programs 
Output: 


| tive of Cixcle nm Area of Cicle 


After executing the Program 


After entering the value 
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program2: Conversion of temperature 


| Code: 
Private Sub Command1_Click() 


Text2.Text = 1.8 * Text1.Text + 32 


| End Sub 

| Private Sub Command2_Click() Private Sub Command3_Click() 
Textl.Text = "" End Sub - 
Text2.Text = "" End 
End Sub 


he 


"After executing the Program 


fte 


emule find average of 3 numbers. 
e: 


Private Sub Commandi_Click() 
Text4. Fext = Str((Val(Text!.Text) + Val(Text2.Text) + Val(Text3.Text)) / 3) 


End Sub 

Private Sub Command2_Click() 
End Sub 

End 


After executing the Program After entering the value 


6) Control Flow Statements: VB provides three control flow, or decision structures, 
a) If..... Then 


b) If..... Then ..... Else 
c) Select Case 


a) If..... Then: The If..... Then structure sets the condition specified, and if it is in: 
executes the statement that follow. The If structures "Can have a single-line ot! 
multiple-line syntax". 


Single-line syntax 


If condition Then statement j 
VB evaluates the condition, and if it is True, executes the statement that follows. 
the condition is False, it continues with the statement following the If structure. 


You can also execute multiple statements by separating them with a colour. 
Multiple-line syntax 


If condition Then statement 
If Month (date) = | then year = year + 1 
Break it into multiple lines, as: 
if month (date) = | then 
year = year + | 
end if 


109 
b) If..... ) hen.....Else: 
Syntax: if condition then Statement block — | 
else 
Statement block — 2 
end if 
Else or Else if keyword 
if condition | then statement block — l 
else if condition 2 then Statement block — 2 
else 
statement block — 3 
end if 


c) Select Case: The select case structure tests a single expression, which is evaluated 
once at the top of the structure. The result of the test is then compared with 


several values, and if it matches with one of them then, the corresponding block 
of statements is executed. 


Select Case Expression 
Case Value 1 

Statement block — 1 
Case Value 2 

Statement block — 2 


Case Else 


Statement block 
End Select 


1 Loop Statements: Allow you to execute one or more lines of code repetitively VB 
Supports all the loop statements. 
a) Do.....Loop 


a) Do.....Loop: Executes a block of statements as long as a condition is be ea 
are two variations of the Do.....Loop statement. A loop can be ‘ere a 
“while the condition is True” or “until the condition ogee ig nal 7 a0 = 
Variations use the keywords "while" and until” to specify ho g 
Statements will be executed. 
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Syntax S 


1) Do While Condition OR 2) Do Until Condition 
Statement-block Statement-block 

Loop Loop 

Another variation of the Do loop executes the statements first and evaluat 
the condition after each execution. . 
Syntax 
1) Do OR 2) Do 

Statements Statements 

Loop while condition Loop until condition 


b) For.....Next: Unlike the Do....Loop the For.....Next requires that how many tims 
the statements in the loop will be executed. For.....Next loop uses a counter that 
increases / decreases in value during each repetition of the loop. 

Syntax 
For Counter = Start to end 

[ Step increment] 
Next [counter] 
The counter variable need not be listed after the next statement, but it makes the 
code easier to read, especially when For.....Next loops are nested within each 
other. 


c) While.....Wend: The While.....Wend loop executes a block of statements while! 
condition is true. 
Syntax 
While condition 
statement-block 
Wend 


8) Nested Control Structures: You can place, or nest, control structures inside ae 
control structures. Control structures in VB can be nested in as many levels as - 
want. Here is the structure of a nested For.....Next loop that scans all the elements of 
2-dimensional array. 

For irow = 0 to unbound (Array 2 (0)) 
For icol = 0 to unbound (Array 2 (1)) 


{process element Array 2 (i row, i col)} 
Next icol 
Next irow 
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Bee 


flow st 

structures ; 

+Vve and, if ae following structures tests a user 
» determine whether the value exceeds 


You can also nest contro] 
supplied value to determine if jts 
, certain limit. 

come = Input Box ("Ente " 
x. ote r your income") 
If Income > 20000 Then 
Msg Box "Pay taxes" 
else 
Msg Box "No tax" 
end if 
else 
Msg Box "?" 
end if 


The Exit Statement 
. Allows you to exit permanently from a block of statements in a control structure, 
zom a loop, or even from a procedure. 


€.g.: 
For i= 0 To unbound (nArray ( )) 
If nArray (i) < 0 Then Exit or 
nArray (i) = Sqr (nArray(i)) 
Next 
If a (-)ve element is found in this loop, the program exits the loop and continues 


with the statement following the Next keyword. 
Similarly, these are "ExitDo", "Exit Function" and "Exit Subroutine” statements. 


e.g: 

For i = 0 To unbound (nArray ( )) 
If nArray (i) < 0 Then Exit Function 
nArray (i) = Sqr (nArray (i)) 

Next 


Exits not only the loop, but also the function itself. 
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Event-Driven Programming: Forms and controls are the basic elements in the user 
interface of any windows application. In VB, these elements are called "Objects", 
because they are manipulated like objects. Objects have properties and methods and 


they react to external events, as does any physical object. 


nine Common Properties 
ollowing apply to most objects: 
4) Name b) Appearance c) Back Colors 


112 at ny, 
wa aa, 
d) Fore Color c) lont f) Caption ~ 
o> Text h) Width, Heighe i) Lett. lop 
}) Enabled k) Visible 


45 A FEW COMMON METHODS 
Objects have methods. Yuu cin think of roethods as the actions of an object, 


al Clear: tells the control to discurd its vuntents, 
hb) Move: Lets you move and resize controls Irom within your application's ou,}e 


¢) Additem, Removeltem: Used to manipulate the itetns in aT ist Box or 


i Cor 9 
Bux vontrul, 


A Few Common Events 

Fvents determine the control's reactions to externa) cvunditions, Contruls (eOO>znie 
events, bat your application handles them. A comunand buttan will recoguize thar ‘Neca 
choked, but it Won't react to the event, Valess you provide some cude. Once YOU apety ; 
subroutine for the contruls Clock event, chis subroutine caccutes cach time the cur im \ 
clicked. The sabroutine that determines how a cuntrol reacts to au event is culled ever 
hundlers. 

‘The combination of the control's name and the event's nume is unique and is the n=. 
of the event handlers, Bach Gane ua event takes place, VB looks for the subroutine mar 
up of the name of the control on which the event took place and the name of the event. If 
such a handler exists, it’s eaccuted. If nul, your application won't reuct tv the event. 


Mouse Events: Events triggered hy mouse activns. 


h) Click, Double Click: The click event takes place when the user clicks Ue kx 
mouse button, The double click events take place when the uscr double clicks te 
left mouse button, 


t) MouscDown, Mouselp: Mouse Down event takes place when the stouse Auten 
18 pressecL The Mouse Up event takes place as it is released. 


d) Mouse Move: Takes place continously us the mouse i moved over a cuntrul. 


Keyboard Events: Generated hy keystrokes. Usually you must program the keyboard 
events for che contro!s that can accept text, 


a} KeyDown, KeyUp: Key Down event is iiggered when a key is pressed wid Ker 


Up when a key is released. 


b) Key Press: To find out which key is pressed? This event is used frequently ie 
write keyboard handlem for text boxes, because this event uikes place before ™ 


f Chonge: Triggeied by various vontrols wher bette oo 


gy Got 


yogramil: Scrollbar Application 


oe Sub [TScrolll_ Changer 


bed 5 


ster pressed ts displayed in the tot box. The 
te ASCII character ul the key pressed. : 


Hileats ¢ baupe 
Focus and Lost Focus; Wheo ine focus i; 
ther, the Ist control receives the lout fucus ec 
contro) reeciyes the got focus even. You can use the 
contra! fur editing, and you can use the 
entered by the user. 

SIMPLE PROGRAMS 


Forno BuckColor = RGBIH Scroll]. Value, HSere2 Valuc. HScsoll 1 Naive! 
End Sub 

Private Sub HScroll 1 Scroll() 
form6.BavkColor = RGR HScroli!. Vales. HScro.12. ¥alus, HSerollt. Value) 
End Sub 


Private Sub HScroll2_Changel) . 
Formé.BuckColor = RGBUHSerott. Value, HSerol2 Value, FScroll3. Value) 
End Sub 


Private Sub HScroil2_ Ser" ; . asthe 
Forn6. BavkColor = RGBUS¢rol). Value, HScrall2, ¥slae, HScrl3. Wo tue) 
Eod Sub 


Private Sub UScroll3_Changel) ss 
Furm6.BackColor = RGB(HScroll!. Value, HScroll2. Value, HSereli2. Valos) 
Sub 


Private Sub Is , oll3 ScrollO < . ’ Sates 
FormG,BackColor = RGRILIScrol!!. Value, HScroll2. Value. HScroil Valve) 
ub 
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“Key ASCIT arrangement 1 


Moved fram eae cunirol ta 
Vert. amd after that, the 2nd 
Pil fords event to lnimialize a 
Jost focus overt to valnlate the data 


I 


= 


After executing the Pragram 


Program2: Sum of nuinbers within a range {using for /while) 
Code: 

Private Sub Comumand !_Click() 

Dim sum ss Duuble 

Dum k As Integer 

sum = U 

j= Textl. Text 

j= Text2.Text 

Using For Loop the code will be 

‘Fork =i Tu j 

‘5M = suis kh 

Next k 

Using while Loop the code will be 

k=} 

While k <=j 

sum = sum 4k 

k=k-]| 

Wend 


Text3.Text = sum 


End Sub 


| 
im 


ae in civer ene 


after executing the Program After entering the value 


Program 4:4 Design of Simple Calculator (Using select case) 
| ale Soo} 
* Calculator 


Code: 
Ontiun Expheit 
Din x As Double 
Lim operand) As Double, aperand2 
Diu clear display As Boolean 
Tin upecator As String 


AS Double 


Mivate Sub Comunandl_Chickt) 
| Teas) Texe = Textl.Text + "1" 
_ End Sub 
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ne 


Private Sub Comumand10_Click() 
Textl.Text ="" 
End Sub 


Private Sub Commund! |_Clickt) 
Teatl. Teat = Textl Text + "0" 
End Sub 


Private Sub Command!2 Chek) 
Text] Text = ‘leatl. Text + *.” 
Fnd Sub 


Private Sub Cuzumand | 3_Oickd) 
operand] = Val(Toxtl-Text) 
operator = "+" 

‘Text) Text ="" 


End Sub 


Private Sub Conumand!4_Clicki) 
operand] = Val(Text!, Text) 
operator = "=" 

Text]. Text ="" 

Fad Sub 


Private Sub Command! 5_Click() 
operund! = VakTeatl Text) 
operator = "4" 

Textl Text="" 

End Sub 


Private Sub Coaunund16_Clicks) 
operand! = Val(Text). Text) 
uperator = */" 

Teatl Teat="" 

Kod Sud 

Private Sub Coaunand!7_Clicks ) 
Dim result As Double” 
Opesund2 = ValText! Text) 

It Operator ="-""Then resin 
If operutne = "*" Then result 


v 


> operand | - operand? 
= operand! * operand? 


pot Bee 


it operator 

operator 
a ext = resull 
Fad Sub 


private Sub Command | B_Click 
Text!.Teat= Veatl. Text * -! 


End Sub 


Private Sub Command2_Clickt) 
Test (Tent = fext) fext+ "2" 


Fod Sub 


Povute Sub Courmand3_Click<) 
Textl. Teat = Vextl. Text + *3" 
Fod Sub 


Private Sub Command4_Click() 
Textil. Text = Textl.Text + "4" 
Fra Sub 


Pryate Sub Communds_ClickQ) 
‘Vextl Lext = Textl Text + "5" 
Lind Suh 


Pravate Suh Command6_Clicki) 
Texth Text = Teatl Text - "6" 
Rad Sub 


Priyate Sub Comumand?_Click(! 
Textl. Text = Textl.Text + °7" 
Lad Sub 


Private Sub Command8_Click() 
Textl. Text = Text] Text + “8” 
End Sub 


Private Sub Command9_Click! 
Textl Teast = Text) Text + °9” 
Eni Sub 


SS ee eee 


= "+" Then result ~ operand] - opzrand? 
=}" And operund2 <> ‘O° Then resul 


t= operand] } omer 
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Sree geste 119 
QUESTIONS Se | vont menses 


Programs For Pructiv 
. . ; . 3 : e 
i. Select the correct ulternative and rewrite the following. croae am application in VB to find mexioum number tran given Teo numbers 


MI function displuys current dace and time, 


~ an application in YB as fullows: 
al now ( ) bi date ( ) cl dey (1d) none of these aiiiiees 


2, Crea 


2) type of variudle stows cather inte or false valne 
a) Boulean by object c) integer d) none of these 


3) __ statement is used ty lefminate tor Juup. 
wleail for b) exit c} break d) nune uf these 


4) command is used [ur aligning the controls 

a) Fdit 5) Format c) Run, ¢) nune uf these 

: According 1 click event of buttuu it should chanze tums ta ketound colour. thor 
5) For flat touk, the appearaawe should be...... =. if Red button is clivked it should change cotour to Red! 


ajl by 2 c}O, di none of these 
3. Design score buard window as follows: 


= 


gre given und if overs > $0, it should 


Auswer: 1) nuw, 2) Boolean, 3} exit for 4) Format 5} 0 


. What ure data types available ia Visual Busic’’ Fxplaia it. 


ts =f 


- Whit » difference berween iwplivit declaration aod explicit decluratiun of evaciali: 
Visual Basic? 


4. What is an array? How js il declared in Visual Basic? 
3. Explain Do ..... loap and fur... next Joop with suitable example. 
©. What is vse of exit statement in Visual Basic? 


7, State the uss of following functions in Visual Basic. Ieshould calculate can rate if overs and mins 


a) str h) val c} ahs display proper messuge. 
ge ; a > amt marks in i'l 
8. Expiuin if....., then statement with suitable exumple 4. Develup a smudent’s result system, which will accep nee f hema 
% H . ‘ 2 class) 8 
Y.What are built-in functions in VBI subjects and calculate total and percemage and devesmaune oP 
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S.NETWORKING AND INTERNET 


INTRODUCTION 

The usc of computers is hecuming an essential part of life, A user works 
uilferent pluces on different computers, then the data tu be used may have to be taker " 
floppy and used at other places, Sometimes it is not possible tw use Hoppics pe 
computer does nui have Nuppy drive. Then, it will be difficult lu use the data at sie 
place. ‘lo salve such probiem, if computers are connected to each other through saa 
transmission media, then the information can be transferred from ane computer to ae 
This concept is called us networking, ™ 

‘The computer networks are available everywhere nowadays. So, itis ij ats 

usderstand the concept of computer network and its usage gin Sun toe rh 
network, Internet also is very popular network. ‘This chapter explains computer networks 
and Intemet concepts and its applications . 


§.1 NETWORKING TERMS AND CONCEPTS 

[lntervonnecting a set of computers witb cach other using transmissiva medic is 
called a network. With the help of network, the resources and services can be shared 
The Shared resources can be data, printer, floppy drive, CD drive, fax, modem, etc. The 
shared servives can be a database, a file. a software etc. All interconnected computer ‘nat 


follow & set of Communication rules for (ransmitting and receiving the data (The rules 
goverbing Computer Communicavion are called provocols— } ala 
fiat ss REE PS . 


Workstations 
Fig{5.1)A simple Network 


=_— 


ao allows us to co the following: 
cwor ink Eachunging tntormation 
5) Sharing hardware resources 
¢) Preserving intormation 
d) Protecting mntormation 


g Information: When computers are connected wo each other. then the 
information of one computer can be thansterred to another in a fust and tasy way 
hurdwure resources: A necwork allows the user to share the hardware .e. 
, Hoppy drive, CD dnve can be shared instead of using separate resources and 
thas cost of hardware can be reduced, 
+) Preserving information: The information stored ts preserved im a wetwork on a 
ypeeifie storage device. This information can be made availadic on demand Jur the 
wibenticated person. 
i) Protecting information: The information m praected from unauthenticated sources. 
This wuy, the privacy is maintained for the scored information 1¢ the information 
ail) not be made available for the unauthenticated person. 


There are three types of network installations 
a) Centralized mstaliuauen 

b) Distinbuted installation 

ct) Collaborative installation 


» Centralized Network Installation 

oon These types of networks have a central computer (server: 
puters. The central computer known as maintrame computer does sine 
‘S¢ Other computers are called as dumb terminals or nodes and work as only inpue 


Veput devices. 
i ver 
ee" 
_—, 4 


f a r 

a a o 

- Mores Pressey 
Dystributed Network 


connected to all other 
the entire work 


Maw Freee 


2) 
Centratized Network ree 
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b) Distributed Network Installation 
_ Ina distributed network, the provessing is done un each nude in individual wg. 
This is Beeause the now PCs (Personal Computers) are with higher processing cuny a 
dud higher memory.|Tiyiag the distributed processing cuncept, more umvunt of dat Pes 
nn SS 


¢) Collaborative Network Installation 

This tz also called as cu-uperave processing. This type of processing cuales «f 
computer in a collaburative manner tv share data, resources and services, The con a 
work in collshoration with euch other ie. depending Upon the ayuilable i ees 
share, the application pets executed in the network in 4 more better way. Au example _ 
Collaborative network is Intemet browsing. . ” 


$.2 TYPES OF NETWORKS - 

A Network Is an intervunnccted system that provides cumnwonicatiun links sear: 
the two of wore stations. Euch statiun in a network is known as nude. Fig, (5.3) shows j 
simple commuaications network with four nodes A. B, C and D each nude is connecte 


with other three. 


~ There ure differem cleciruciz 
camuunication getworks, which cia >: 
broadly classified §=aevurding = ther 
coveruge arca, aud Lbew facilities pruvisiun, 


these are : 

(u) LAN = (Local Areu Network) 

(b) MAN (Metropolitan Arca Network; 
ic) FAN ( Wide Area Network) 


Fig. (5.3) 
As we know that today there ure very common networks which are very popelar und Wi 
are much fumiliac with those systems but we can understand their techniques by je 
comparing one with uther as explained below 


(a) Locul Areu Network (LAN) 
A Incal area network is a group of computers connected to cach other in 
area. The LANs are situated in a building of acampus. 'g~ pe ye 
LAN has following characteristivs: 
* Duta wansfer at high rate. 
* The geographical areu covered by network is limited. 
° The resources are connected with different techniques, 


a smal 
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gystem consists of many PC tetiminals but y 


AN 5} eR ‘ ‘ons oo 
Ae nis network Known as Sery UMUN eOnizol terminal is 


*: a 
he Setver eun te 2 Minicomuputer or 2 


wo 
politan Arca Network (MIAN) 
ie eswotk suuller rman WAN and bigger than 1.AN 38 alse: established hence 
as ae meen ae network. An example uf MAN js a wuble network 
(RO aay. Cable network WW receiving TV programs frony the salyllit= and it connects 
yser!. TY sets in the network ‘{o Watca these progrems by such a nerwenk 
Save xo manly nodes Jocuted at ditfezent lucations in the network. Of course. the 
appicalion link is through a cable aod que way Dut it is a network known us 
gn Area Network, Another common conumunicutiog system is pager system; it 
jwork like MAN. 


yas 
sant 


Fig 45.4) Wide Area Network 


It} Wide Arca Netwark (WAN) 
As name itself implics the coverage urea is 
Unie hence named as WAN - Wide Area Nelwor ' 
‘jumgcciing LANs. A very common example is nuuional telephone system, mem 
UHI: ploues, pager etc. WAN is u wide network, whist is capable vs es : 
Pale country ur state for communications) in WAN. the Links ray be established. b> 
lite. 


‘See cah : , ; Cor itcan be combiaation gi twe 
les, microwave towers oF ET uses all the three media cables. 


: ‘inks. Tor example. a teley way jon system, 
Wave and satelite ae for the Commumcativns The railway reservation 3) z 
RE Heservation system these ure alo compelcr — 


very wide, stuions are very ingh in 
k. As shown in fgi5.4) WAN b 


WAN have following characterisocs- 
** The area covered is very big. 
“* The data cransfer is slow us cOmP9 
* The conncetion media is normally # | 


ral fo LAN. 


elepione kine © intercunnect LANs. 
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5.3 NETWORK SECURITY 


The term network security arises a lot of issues. Some issues are related ;, 
software whereas others are related to hardware. . 

Software security refers to unauthenticated access of programs. Sometime, 
multiple programs are accessed by different users. When the programs are not stored i 
memory in a proper way, then the programs can be damaged or data can be lost. Such 
issues are to be thought in network operating system in such a way that the data Shout 
not be lost or programs should be maintained in a proper way. The better techniqy, 
should be thought and adopted to solve such software security problems. 

In the hardware security, the unauthenticated person should not be allowed t 
access any network resources like floppy drive, hard disk, CD drive etc. The Operating 
system should adopt proper policy regarding such problems. 


5.4 NETWORK CONFIGURATIONS 

Network configuration means the method of operating a network by deciding the 
node authorities. There are two basic configurations generally found in many 
organization 

i) Client-Server configuration 

li) Peer to Peer configuration 


i) Client-Server configuration: In this type of network many users use a network buta 
master PC called ‘Server’ controls and provides services to these users. The user is 
making interactions by requesting server to share resources, to access programs data etc. 
The server is a high performance PC in the group and has highest operating speed, a large 
memory and a big hard disk size. Each user behaves as a client with server hence know? 
as Client-Server configuration. E.g. Novell Netware 


ii) Peer to Peer configuration: In this type of network there is no such relation like 
server-client but each PC is having equal rights.Each node or Peer is communicatifg 
with other Peer directly there is no server hence known as Peer to Peer configuration {The 
hardware of each peer is almost standard and equal. E.g.Wndows-95, Windows-NT 
workstations. 


5.5 NETWORK APPLICATIONS 

In the network, the work can be done in different ways i.e. collaborative, serve! 
based etc. As the scope of network is increased and-the entire set of network can be 
accessed by different access methods, it has become possible to collect the informatio" 
from any place of the world. This is called as Internet. Internet is a worldwide collectio" 
of networks. The Internet has different applications 
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aaa a aR 
E-mail 

Voice mail 

FTP 

WWw 

E-commerce 

Chat 

BBS 

User groups 


E-mail 

E-mail is_an electronic mail. The messages can be sent electronically over a 
network or Internet. For sending or receiving an email, the user must have an email 
address, email address are given as: 

username @ location 

> Username: it is the recipient's email name. 

> @: It is a character, which is used to separate the email name and location. 

> Location: it is a place, the electronic post office, where the recipient's mail is 

delivered and stored. 

Nowadays, email services are provided free of cost by a lot of web sites. For 
example www.hotmail.com, www.rediff.com, etc. The user needs to register with the 
company. The company gives the user an email account, which indicates the user name 
with the server name or company name. Using such email addresses, the user can 
communicate with anybody. The mails can be sent to any person. Only the requirement is 
the destination person must have an email address. The user can send a text, voice or 


picture on an email as an attachment. 


Voice mail 
Initially only text mails were been sent. If the voice information is to be sent or 


received, then the user has to send it as an attachment file. But nowadays-new technology 
has come into picture and it is possible to send and receive the voice data directly through 
Internet as a voicemail. The user need not have to read the messages, a voice output 1S 
given on the computer. Only the requirement is that the computer should have 
multimedia facility and a voice mail software. 


FTP (File Transfer Protocol) h 

It is a fast application level TCP/IP protocol widely used for banshee 
text-based and binary files to and from remote systems, especially over the ey 
of the people use FTP program for downloading the software on the Internet. 
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The World Wide Web (WWW) 


In the Internet, different types of computers are connected to each other The 
computers may have different operating systems. When the data is to be transferred Nes 
one computer to other computer, and the operating system of both the Computer, . 
different, then both operating systems should understand the data format, Which js, 4, n 
transferred. The www provides an interactive document and the software to access 
data on any computer. The document has pages, which can combine text, picture. fom 
sound, animation and hyperlinks. 


E-commerce 

Web technologies are playing very important role in business. The web Sites uy, 
created to perform the business. Online trading is nowadays very important feature Of the 
Internet. It is also called as E-commerce i.e. Electronic Commerce. The businesses are y 
up on the web. The traditional concept of setting up the business in a place has become Pe 
outdated concept. The web sites are created to set a business. People do the merchanqi, 
as well as retailing business on the web. So the geographical boundaries have becony 
faint due to Internet and e-commerce. 


BBS (Bulletin Board Service) 

It is called as Bulletin Board Service. This is also an Internet application. Anyore 
can set BBS using special software loaded on the machine. The basic use of BBS is tha 
any one can send his/her information on the BBS. The BBS user can get all] th 
information, which is sent by all the other users. The information send on BBS servic 
get broadcasted. So, any one can get the information. People send their requirements « 
BBS, someone in the world have the information, that person sends the information to \% 
required person. This way anyone can get the information with less effort and in les 
amount of time. ae 
ee 


Chat 


It is an Internet application. People used to talk on telephone from distant place 
But the cost of talki ne line is very high. Using program the user need “ 
Get connected in a chat — session and can communicate to anybody in the world. Here 
Web site have chat program, the chat program have different chat rooms. The user have ° 
log in the chat room, get access in a particular chat room; find other user connected in? 
chat room and start chatting with the users connected in that room. Simply ty?!” 
messages for the users can do the chatting. nas 
_ As this application is very cheap as compared to talk on a telephone line, it 
en we popula. ‘People decide a particular time and Tog into the Internet a 5 

ng--The cost of chatting as same as a local telephone call. 


networking & Internet 
i ae —— 7 
User Group 

User groups are becoming popular service in the Internet. Certain web sites allow 
the user groups to be created, and communicate with each other independently in a group 
In the user group program the user have to register with him by giving his requirement to 
the group. The groups are created with some specific aim. So, the information related to 
that a person who belongs to it distributes particular activity in a group. In BBS the 
information is sent to everybody whereas in user group, the information is given to 
specific people. So the non-related information can be avoided by using user groups, 
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QUESTIONS 


1. Select the correct alternatives: 
a) The medium size network is........ 
i)LAN ii) MAN i11)WAN 
b) FIP stands for .......... 
i)File Transfer Program ii) File Transfer Protocol iii) File Transfer Peer 
c) Interconnecting a set of computers with each other using transmission media is 
called aS....020000. 
i)Network ii) Intra-network iii)Workstation 
ee Configuration server is absent 
i) Client-server ii)peer to peer iii) none of these 
e¢) WWW stands for ..... 
i) World Wide Web ii) World Wise Web iii) World Web Web 


Ans: a) MAN b) File Transfer Protocol 
c) Network d) peer to peer e) World Wide Web 


Define a network and explain in brief. 

What are the applications of networking? 

_ What is the difference between LAN and WAN? 

_ What is the basic difference between Client-Server configuration and Peer to Peer 

configuration? 

‘5, List various network installations and explain. 

A List different applications of Networking and explain any two. 
7. Write a note on: 

a) Chat 

b) E-mail 

c) E-commerce 


000 


- IESTION PAPER (PAPER-1) ~ 


SPECIMEN QU 
SPEC = jAccunding tw HSC Board Pattern} 
Time:Mirs, 


ype 


Q.LA) Select the currect alternatives and rewrite the sentences. 4 
aN The Octal number system has Radix of 
is? ins iii)10 
bj ____ js a graphical representation of program flow. 
~ 3) Algurithm 1:) psedocode iii Pluwehart 
¢) Ceadiuenal operator is equivalent to coatral structure. 
iyfor, du... while iil if .,.else) iiiInone of these 
d} In YB for 3D luck appearance is 
i] ii 2 Wis 
H) Answer any (1'WO) of the fullowing. 6 


i} Explain 2's complement method of subtraction with suitable exumpic. 
ii) What is lust step in Program Analysis? Explain its need along with the types 
iii) Explain different bitwise operatars in C+-, 


Q.2A) Answer any (TWO) of the following, 
4) Convert the fallowing a) (2AC)«=( dy bN(574.9214=0 ) 
u) Write algonthm for finding factoriul of a number. The value of number shou! 
be accepted frou user. 
nt) Explain the difference between prefix and postfix operator, 


6 


B) Answer any (ONE) of the following. 
) Draw Nowchart for calculation of fibonacci series 
\i) Given the following declurations: 
ima=O,h=1,¢2-1; 
fluut i = 2.5, j =0.0 
Fvaluate the following and justify your answers: 
Na>babhle<Liijac=bo=c ivyuccl ==b, vitrarahl=j"- 


Q.3A) Answer any (TWO) of the following. 
1) State dilfercat types of cade systems and explain any one. 


ti) wis is the basic difference between Structural and Modular m Ogrammulg: 
ui) What is function overioading” State its adv antapes 


6 


and disadvantages. 
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eds - Withh syntax 
miedty WO) jut hz XK jy 


marks in all subjects and culcalate total ad percentage and determine 


Brae 
class of student, pene 
ii) Write a program in C++ to find area of circle by using return type Luneson. 


ae 
j) Write special features of Visual Basic, 
| m 


ii) What is the difference between LAN and WAN? 
» Answer any {ONE) of the following, 
Q5) Answer any (TWO) of the following. 0 
i 
Q.5) Answer any (TW¥O) of the following. ) 


jai) Explain how to create a vew projec: in VB 

? Write ity advantages 
i) Write a program in C++ to Pind the sun of series bodes, en the vale ofa 
i) Design a scorebourd winduw in VR: 


i) What is pennter? 
should be accepted from user, 
fe 
[ae] |__| 
snes) [__] 


3) What is array? Explain sultidicnensional areay 
ii} Develop a student's result system in VB which wall wvept roi ay,, name, and 
Inu 


—— 


. CES wer and if © 
Ii should calculate cun cate if overs und runs are £1 
display proper message. 


ywers > SU), it should 


Odd Numbers between ) — 100 using For 


1) Write u program in C++ (© display 
ii) W j tisplay 
in) Write a progeam in C++ to dsp ; 
“oe 
eee 002 
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COMPUTER HARDWARE 


(PAPER-II) 


1. ELECTRONIC COMPONENTS 


{INTRODUCTION 

The application of clectronic science is widely geuwing duc ty large variety of clectioni 
components Most of the success in clectranic field over electricity is a due = os te 
characteristics of components, like nonlivear peifurmance, integration, cost and size of 
the clectronic componeats. Without studying theoretically end practically their nasic 
coastruction and function, it is difficult to understand working of crrcuits. Ln thos chapter 
most of the common clectrouie components law been discussed up to a Cerlunn fxtem. Ww 
that students can understand basic avuion of the componenls, their ratings. colour coue 
synteuns and desired practical knowledge of component testa. 


|.) CLASSIFICATION OF COMPONENTS 

If you observe carefully any electronic circuit, you can be a little surprised: there are unly 
five varieties of the clectronic components. Actually ibe vinenit may appew cumpl cated 
because of number of different compuue ns, bet cach type beloags to uny uf Ihese five 
types. Llectromic components which are now available in the smarkec are classified into 
twa groups (A) Passive Components {B} Active Componenis. 


ELECTRON COMPONENTS 


r 
¥ +d 
{A) Passive Compunents (B) Active Components 
= ade eee 
1) Resistors Fog: Blevtron Tubes Serre tf 
Variable seceainbincgh if . 
2 po Divdes liom 
i 4 ™> 
ir meni ; Vacuwn Tubes Ga 
Variahle isc filled 
Triode Tubes 
Aircore *” 
3) Inductors tron core 


a See 
te core 
i Fig. (1.1) 
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The hove chart show's chissilcatua ol compo 
uiads Ly ditfenent ways. 


(2) Passive Components: Since tis catczery belongs to inactive functions of the 
pampunent, these components do not have cupacity CO amplify the voltage or t rectify 
relore, they are called as "passive componenis”. However, withnut these 


supply. Thez nie eS : Bae 
components assembly of electronic circuit is nol possible. Resistors, Cupacitors ar 


Inductors are called as passive components, 


(b) Active Components: Since these components are capable of performing active 
functiuns like wmplification, reenfication and switching, they are called as “acting 
components”. Hundieds of active components arc tow manufactured they cau be 
classified in to Owo broad groups (i) Electron tubes like Diuxle. triode end (it) 
seruivonduetor deviees like diude, LED, Transistor ete. Electron tubes aie ow rurely 
used Decuuse they are outduled, 


1.1 RESISTORS 

In electronic cirenits Copper. Aluminum witerials are known as conductors. havi 
neglimble resistance. Other usterials like paper, ceramic, ure knuwn as instlators, 
having very high resistance. (ther materials hke curbun wilh certain value ot resistance 
is used froin very juw tw high value between conductor and an insulator. “Phese materiel 
ace called us resistors. ‘lhe velue of resistance is measured in Olu (62). Resistance ts hs 
oppssition to the flow of elevteum or simply uppusition to the electric curreat 
Resistance is required in electronic ciwwuits to malt the current, tu drop the voltage an! 
(o divide the voltage. In combination with capacitor, it is used as filter or it can he usd 
16 divbieve the time delay, 


r'YPES OF RESISTORS 

Resistors may de classified as (a) Fixed Resistors and th} Variable Resistors. 
The resistors are manufactured by either ot three basic materiuls-vurbou composiven. 
wire wound und metallized. These materials differ in their resistance material. According 
to their vorstmuction, resistors may he fixed ur variable. Fixed resistors, whose resistae" 
value is constant while the resistance vidve uf variuble resistor is adjustable betweet &* 
specified range, The symbol of fixed nd variable resistors is shown an fig (1.2) 


——== — 
— +08 —— un Li 
Fixed Variable Variable 


Fig. (1.2) Symbols of Resistor 
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FIXED RESISTORS as 
ia) fo this category, resistance has only one value aud mus: of tne 
candi ia Shape thal hus lwo wite leads cr temninals. : 
thece types according 60 the mutenal sen 

iy Carbon types —> (a) Carbon compusibor lyre, 
“yy Wire wound type 

a Metal film type 

is ys sce the construction and special features of exch in onel 


Sirwewre of Pes type 8 
Fined fesisters can be classified 


ih) Cazpun ium tyre. 


iJ) Carbon Composition Resistors: 
These resistors are widely used in clectrante circus. Carbon compentiun fesistor s 
value is available from 142 to ubott 21 MQ ave typical power atings exe 1/5 W tw aw. 
Speciality of these resistors is low cost and srall size. (Most of Le resistors a 
your luboratory ure carbon composition Iypel. Thess resistors ai eigenen | a 
mixing granules of varbin with biading watenal. This cytinuer 15 moked ‘s u oY he Att 
fean as shown, Fig. (1.3) shuws the cansuvetivy a7c different pee — ~ 
‘Thnaed cupper wire Joads are inserted *n che teu cts ae cael pega yults ef 
vondveting coating. “Vhe cost oF resistor derends un Rs Westies Re SM Tors 


tsistur. 
at = 
a De tit. 
: , —— a, i 
=, = ——~—~ =r 
By mere eM r= - ra 
a i( . — } Fas eS NS 
, ie | - y, 
o 3a~ et . a Seep = 
ira Pan here : 5 al if 
Cuntaue yoreceie ] rr we wew 
™ 
for 
Fig, 1.3) Carbon Composition Reais 
y indicate is 
Colour Codiny of Carbun Resistor solour cade system used tu (Peie 
K og 1s ts colow an devigtion of the actual yaluc 


Another specialty af carbon resist 


" a ie ; ae 

“alge and qlerance, where tolerance pte of & 6.8. ita resistors 5 yes = " 2 

°c ‘ iad sed inten me ry ge range bt nicky 

Scie Sides, []encc it is express sia pealstor value may ¢ > te aviairensrn 90 2 and su 

TE Hinge hg ian sce betwee" enaxicnurn 110 $ ka tales, Resistor 

Vis 110% thea xs values yoo 2 hen he will es 42. it lies in beta cen = 
User wants very close value © °~ vce be cauetly 1M ue 

ti + ee F wanls very clos? yalue may > a sal vulus 

Ps 59 tolermace indicates Mat op eran iy est 


N ‘ -eyecityine 
"Of the actual value. Tolerance i, mented 


Electro - 

: SS onic Compan tronic Components 
i134 SS ! Ae i — 
eaiedneal rn ings indicate the first two dip... - ; 

fethod: In coloar cade meted, the first wo tdi to indicate its tolerance ais me Ur 12) Wire Wound Resistors " 
N : enti the raultiplier. Fousth ring is use 3 Wire wound resistor is used where high crrrent cuatro! is required as well as 
ee acre stable und accurate value uj resistor is Tequires. A wire wound resistor is 
vanufectured by wrupping a length of special resistive wire tke nichrome or mangenis 
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agund an insulating core of vermis The end of wire is attached to metal comects, 
hich are inserted in the cure. After wire is wound, the whule structure is coated wath 
prea coutaining powdered glass und then heared to produce couting, {his is known as 
— - sree enaruc!l coating. It is required to protect lhe cesistor and to ussipare the heui 
"Reg a 4 Turrance Typical valucs wre av ailable in frectun of ohms to 100 KQ. Power ruling is fram § W to 
2h Murph ww ; 
" 4 aa ‘The drawback of this resistor is ats big size und higher values are pul possiboe che 
aa Fig. (1.4) Colour Code Method eiaealee. ia 
a ee ee a =, =f Fy 
Colour Vulue of the Ist Value of 3™ ring Tolerance fe f ome B CECCCEH XC “ i f \ 
__ | and 2" ring (Multiplier) ce ax RY 
Klack Kl ea = Ro 
— ; eZ, Loabny u Nga 
Red es 
Ovange 
[oags | 1.5} Wire wound Aesiator : 
— lity + Big in siz meee hundkiny capacity. Colour Coue System is not used 
ee = it me inne a 6 100 KQ. and power cabrg 5 W to 200 W, 
Blue | ge : Fraction n 
Nioet . pefiaieiiets Mees tose, pee, et 
Gra pyar, Resistor |_ __Wire Wyund Kesistor =| 
oe SY Sgou__| [ Carbon Composition vanl | Aresistiwe wire hike michrome is ued a] 
Gold — + Carbon granules ae oa "| Mowe precision Uype because tolerunce is very low, 
Silver a —_- LE CL 5 —aaterance OE oe. a Available wn Jow values only. 
2 =— — Taig) x _ civ ~ He Wide —— = ~~ High power ratings. 
-Ramiplest Fi ad the value af + N¢ . = LAW pow —— - —-: Wo cylor code sy sicm 
i) Red, Violet, Red Gold 2 “HOTS by using colour ends method. - 2. Color eade system BW Te ehighant ST 
2 7 Xo 5% 4) Brown. Black, Orange Silver 6. Small size & lowcost. _ — LEE 
=27 X10 =2700Q =2,7 1 0 X10° =10% vel , 
RQ Or 2K7 = 10 X1000= 10,0012 —10KQ ®) VARTABLE LE comes culled as theostats, In low cucrent circum like in 
int) Red. Red. Gold Guta Variable Oe vicaeble resistors ure called as © potentiometer or pots”. This 
2 2 = xin! 45% iv) Green. Black. Yellow Silver slecwonic oe wal obiy orginatet fiom the wurk “Potensial divider”. Vuriuble 
=22+10=22 5 0 XIo' =10% P™tentiometer 


Hy used in radio or audiy equipment for volume control. cuntrist and 
ix nally & Accordi . . h ure cl ssified 
=: wt 'Sistors are Mol r gets, Accoreimg to matenal used these resistors are classific 
50X10000=500,00% +4 = 400KN20.5 bnghtwess coatnt awn Wwe 
' Solugr Code yy ss 


a se inty twu types (2) Wure wound type 
12 tu 2u MQ ; Tole tahes bili o— 1) Curbun type und 
: x lot 2s, Watty = Ww 
’ pe- 1/8 W to - 


Speciality — Tow cost 
Range « 


— ss 

——_ — 

—_ — 
-. 


i3¢ 


(1) Carbon Type Potentiumeten ; pire i 
Basically the cnstructinn of all potentiometers is same. In Ris ype 6 sev Eb le: mati 


pointer known as a ‘wiper Rioves OR a erculas ciution TeeistiVe (ruck ds shown ip, fig 
1).5). This wiper is alkeched ty a shaft st aay Oc met al or a plastic shate. 


. ar 
F TICS Wipe ' 
t: 2: $ 
{ai Fig.{1.4) Idea of Potentiometer (b} 


Resistive carbon wiarerial is deposited on a Bakelite pieee, Vietuble tesiston 
wheays have three tenmauals as shown, ternal } end 3 are lived terminals aud 2 i 
venalde rorminal, When tecuunal | and 3 are connected in the circu you will ev txed 
wil maxiomum resistance. Wheo | aml 2 or 2 and 3 terminals are connected you will vet 
variation in resistance when you rutale the shaft. 


—_—- 
—— 


if vou connect terminal 1 wod 2 at extreme left side wiper will be ar terminal |, 
hence you will get zero resistume and when you rote luwards the right side is 
resistance increases towards right side. When shalt is rulated fully, you will yet maxinvam 
FesisLanice, 
These variible resistors are available in two cypes, 
CU) Tanear Tyre {2) Lop Type- 


In linear potentionieler resistance varies with Linear cute. If you satate the shalt sapzret 
tor 10" rotation it gives 10022 at 20" > 20 Qaund so wn. But in nontincar putentomess 
(log type) resistance varies in lug seale, at 10° > 1UQ , 20° > 100230 D> 1D,NOon 


When the muximum range of resistance is required ‘Log type pot ts preferred. 
Lineus type pors are marked with “LIN 10K und log type with “LOG 10K “. When alter 
variation of teaistunve is required these carbon potentiometers are used like volun’ 
cuulul bul when rare adjustment is cequired sual) potentiometer called us “presets” ** 
used. ‘Ihe variation of resistance zs done with a screwdriver. The internal construct » 
similar to that of poteotivineter. 


Specialily Low Cust, Used in Ratio, TY as volume contrat, brightuess control eft. 
Kange =: 1K 22 oy 5 M82. Powes rating 2W to 2W 


Components 
ee > pe ET 12? 
a wire woud Potentiometers 
ae ciple ot constricuan uf Sie wound varias 
example of this type is cheostut Ip this type N 
wasn, which is covered with vitreuus eourel, | 


© Tesistor is semple: the most 
wire ts Wound on an upen nog of 


CJ 
cere it” aeeeet 
ee eee __ 


vireo wound Pol Non-liraar Resister Phiscetat 


Fig. (1.8) Wire wound Polentiomcters 


‘(ke specialty of such type is high power bundling capacity und very small and 
xoatate chunye uf resistance. [igure shows the construction of ware wound pot and 
tersiat, In ware wound variable resistor non-linear resistor iy why available (tapered 
2). Non linearity in the resistor is uchiewed by using tapered sinp no which restotve 
wie iy wound. Fig. (1.8) shows liacar ane uon-linewz potentiomelers. By siding tiv 
Occact, the variation of resistance is uchieved — 

Spedality ; High Cast, More power bundling capacity. Big stze. 
Range: 10042 to 1 MQ, Power sating 2 W te 100W. 


‘CLOTHER RESISTORS 
cause Of large development 
AMISlOrS; special type af resistors we 
also, 

I) Thermistor 


A Thetmistor is a semuvanduetor dev 


in semicunductor teclinalugy in uuilition to dive and 
vianufacturet which may he called as active 


ice whose resistance Varies with temperamre 


bs Change in resistance is gon-lincar Cundvctors show very sivall change 10 neuen 
bs thermistor can increase or decrease its resistance by more valuc. Hence thermistor can 


> sas a < wath imerease in ternpecatune then it is 
C oF PIC type. When resistanns Geers ance INTC) ua if it increases then 


led aS “Nogutive Temperature Cucticient” ot resistance i 
ihix egy aa hesliiee Temperstare Coefficient” of resistance pe ioe grey 
Nod in me ‘ons like measurement af tenmeruture, perature OF 
Izy, “ny upplications 


Perature Compensation ctc, 
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(2) Light Dependent Resistor (LDR) 
It is a photosensitive device whose resistance decreases with increase in light intensity, 


The symbol is shown in fig. (1.9) Cadmium sulfide material is used for this purpose, [tg 
dark resistance is about lOOKQ and it decreases with increase in light. LDR is Widely 
used in many applications like automatic street light control, burglar alarm etc. 


(3) Varistor (VDR) 

It is also a non-linear resistor in which resistance is made variable to voltage. It is also 
known as voltage dependent resistor. They are two types, (i) Silicon Carbide VDR, (i) 
Metal Oxide VDR. Varistors are used in industrial applications and TV circuits for surge 


suppression. 


\\ 


LDR VDR Thermistor 


Fig. (1.9) Active Resistors 

1,2 CAPACITORS 

Capacitor is second important passive component, commonly observed in 
electrical and electronic circuits. Many times it is called as condenser. Basically it is 
used to store electrical energy (by charging) and to deliver this stored energy (by 
discharging). This component has specific capacity of storing charge across it, hence 
named as capacitors. They arc available in fixed and variable types; their capacity is 
measured in ‘farad’. They are available in typical range of pico farads to microfarads. 
A capacitor consists of two parallel conducting surfaces separated by an insulator called 
as dielectric material. Different symbols of capacitor are shown in the fig. (1.10). 


t +44 


Non-Polar Electrolytic Variable 
(Polar) 


Fig.(1.10) Symbols of Capacitor . 

A capacitor is formed by two parallel conducting plates (may be spherical 10 
structure) separated by an insulating material. Insulators are like mica, paper, ceramic 
called as “dielectric”. In electronic circuits capacitor plays an important role like resistot, 
it has got many applications such as in photo camera for flash, in power supplies used as 
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a filter, in amplifiers as a coupling or a bypass capacitor and so on. Let us see its action of 
charging and discharging. 
1 


Voltage (V) 


Current 


(a) Fig. (1.11) Capacitor Charging (b) 


As shown in the fig.(1.11a) when battery is connected across the capacitor, 
current flows through the Circuit, current meter is connected for the indication. Before 
connecting the battery the number of electrons on plate A and B are equal but when 
battery is connected across it, electrons are accumulated on plate A because they cannot 
flow through dielectric. An electrostatic force is developed by the plate A gives a 
pressure to plate B. It passes the same number of electrons towards the battery. This is 
known as electrostatic induction. Thus we get negative charge on the plate A and positive 
on the plate B that produces a potential difference, electrons continue to flow till voltage 
across Capacitor becomes the battery voltage. Fig.(1.11b) shows how capacitor voltage 
increases towards battery voltage and it shows current through it. 


Fig. (1.12) Discharging of capacitor 


Now Voltage across capacitor is ~V’ it can be discharged through a resistance as it is 
town in the fig (1.12) through the lamp. The lamp glows for a short time and then it 
“Comes OFF because voltage across capacitor decreases from V to zero as shown in the 
Staph. 
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RC Time Constant — oe 

This is an onteresting tern, which is related with Umer circuils, Ay Lincustey 
earlier capacitor charges 10 applicd voltage buc how much tune it Gkes to vhavye ion 
battery voltage? On the other hand when capacitor is discharged whut is the time CyLieey 
f© get total discharge? There is a relauon, which is expressed by the term "Time 
constant”. This defined as 


“The time coustant is the time in which capacitor gets charged up to 63.2% 
applied voltage or it is the time in which capacitor gets discharged up tu 


36.724 al 
its initial volluge.” 


Where Tis calculated by formula 
T=RxC 
It means the time constant depends npon the vuluc of resistance and Capacitance. 


TF — Hosistarce ‘Fy 


a | 
ees se 4 
2 os Discharge 
(3) = = ib 


Fig. (1.13) Analogy for charging and discharging 


The lig. (1.13) illustrates the idew of charging and discharging with unalogy of wales. 
Capacitor charging iy a process like filling water in a tank. The time required tu fill the 
tattk depends Upon the flow of water ie, resistance (R) and capacily of the tank it 
Vapacitence (Cj. Similarly, us shown in the figure (b) the dischurging process a similar 


> arging water trom the tank, it alse depends upon the flow of water and capacity 
eC tak. 


For example, if a Capacitor of $ 1 
10 hatlery then 1 time CONSTANL ds 
TERXC = (2x1) x (5x 10% 
is ; ae | 1) = 1D see. 
sae es; ) o ina se pam will yet charged Up tu 63.285 of the hattery vultage tha 
Pp mew Nahe tn S-time constant $ x 1 = $9) sec it will charge up to 10 volts 


Vis charged through a resistance of IME} aad taro 


: 


| 


ee 


nts 
components __ a 


5 ume constant capacitor oe: aaa 
fc Ip 2 2Cs ¢ ote : : 
saat twill get complete discharged. harged in wplied vultage ur in 4 time 
ect 
jac: a) Capacitors in Series 
ye b 4 1 l 4 
ae Tn © ee. Hr 
C. G a G c: & 
pi Capacitors in Purallel Ps 


Cp = Cc; +C+ C;+ 


~  "E 
beamples 


«Teo capaciturs 20pf and Spr arc connected in series and then connecter! ia purallel the 
festive capacitance in cach case. 


 S$elation: 
aries 
- 
sk e% CC. _ 20x5 - Apa 
, Gc & £26 25 
1: pecullel 


42 C)—C; - 20 + S — 25uf 


2A Gapacitor of O.2pyf is connected in sevi¢s wilh 2 resistance vf a. seks 7 
2aslamt and the time required to charge up tu batery vollage It dulfery wurags 
“oalis the voltage ucross capacitor ut { time constant, 
Solution; 
TREC = [1S x 10] x [0.2 x 10% 

=3 sec. 


is After 3 sec, The voltage acruss canueitur §s 6. 
tharge up to 10 volts 


3 volts. Mt takes 34:52 15 secumds 


ES OF CAPACITORS 
Naan — 
ing NOS can be clussified according to the diclectn 
Fixed ar lable. They are classified as 
“ Fixed Capacitors 


f . . 
ww ¥itnable capacitors. 


materia) used. Polar, non-polar 
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A) FIXED CAPACITORS 
Fixed capacitors can be classified according to dielectric material and polar / nonpolar 


such as, 


(i) Paper capacitor Non polar capacitor 
(ii) | Mica capacitor Non polar capacitor 
(iii) | Polyester capacitor Non polar capacitor 
(iv) | Ceramic capacitor Non polar capacitor 


(v) Aluminium electrolytic capacitor — Polar capacitor 
Let us see the special features, typical range and construction of each capacitor in brief. 


(1) Paper Capacitors 

Basically the construction for all fixed non-polar capacitors is same. Two 
conducting surfaces are separated by dielectric material. Paper capacitor is manufactured 
by rolling two thin metal foils (foil is a long strip of metal) separated by a paper roll as 
shown in fig.(1.14). Paper used for this purpose is Kraft paper impregnated with wax or 
resin or oil. Where, impregnation is the process in which paper is soaked with dielectric 
wax or oil. 

This is a non-polar capacitor because its polarity is not important. It can be 
connected in either way in the circuit. Polarity is not mentioned on the structure of these 
capacitors. 


Disk type 


Fig (1.14) Construction of Paper Capacitor 


As shown in figure two foils are rolled by placing impregnated paper in between 
them to form a cylindrical structure. Two wire leads are attached to the foils as the 
connecting terminal. Metal plates used here, are in the form of foils to increase plate area 
and to minimize the size. These capacitors are available in molded and tabular type as 
shown in fig.(1.14) 

Speciality : Medium range of capacitance, small size and non-polar, 
Typical range : SOOpF to 1p1F and typically voltage rating from 100 V to 1000V. 


(2) Mica Capacitors 
The construction is similar to that of paper capacitor only the dielectric material used is 
mica foil or mica sheet as shown. 
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Fig. (1.15) Mica Capacitor 


Mica capacitors are square o 
: : . C rectangular j ‘ . ' ' 
entire structure 1S molded in Bakelite sheet. sen a Rae eee Aine aeNceea, “Te 


speciality : High temperature range - 55°C to + 150° 
ae * + 150°C Non-polar. 
Typical range : 5 pF to 10,000pF Voltage rating about sv. 


3) Ceramic Capacitor 
These capacitors are commonly observed in many circuits like amplifier, 


oscillators etc. as coupling capacitor. They are available in many different shapes like 
disc type, rectangular type, tabular and button type as shown. It is also a non-polar 


capacitor. 
©} y 
Ceramic 
Nad 


Disc type Tabular type Construction 
Fig (1.16) Ceramic Capacitors 


The construction of ceramic capacitor is different than paper and mica capacitor. 
‘tis constructed by depositing silver plates on each side of a very thin disc of ceramic 
nalerial. During the process tinned wire leads are attached to each plate. 


Peciality » Most economical in price | Rs. per piece. 
Typical range ; 3pFto2 uF and voltage range from 3V to 6000 Volts non-polar. 


(4) Alum; 
uminium Electrolytic Capacitor sy 
This is a polar cami on which polarities are marked as positive and ST 
‘larity is important because reverse connection may damage the capacitor: ‘ 


El 
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main difference between non-polar and polar is, these capacitors are manufactureg ; 
: alues ; ssi : eis u 
higher values. Higher values are possible because electrolyt sed to provide More 


capacitance in smallest space. 


Axial Type 


Pinup Type 
Fig (1.17) Electrolytic Capacitor 


Electrolytic capacitor consists of Aluminium foil electrode as an aluminum oxi¢, 
film covering one side and is in contact with an electron conducting fluid known as ap 
electrolyte. The Aluminium oxide forms a dielectric and the electrolyte form another 
plate of capacitor. A layer of plain Aluminium foil is also wound into the capacitor to _ 
provide electrical contact between one of the terminals and electrolyte. 

Normally electrolytic capacitors are not used in AC circuits mostly used in DC | 
circuits like filter in rectifier. 


Speciality : Higher values, High cost, Polar capacitors. 
Typical Range: 1 » f to 3000p f and voltage rating 1V to 500V. 


(B) VARIABLE CAPACITORS 
There is a need of variable capacitor in various circuits like tuning circuit of radio, 


oscillator circuit to vary the frequency etc. Air is the most common dielectric used in 
variable capacitor. 


(1) Air Gang Capacitor 

Air gang condenser is a common example of variable capacitor. Other variable 
Capacitors are similar to variable condenser but they are adjustable known as trimmers 
and padders. Gang condenser consists of two set of parallel plates. One of the sets 'S 
fixed called as stator and another set is called as rotor. This rotor set of parallel plate 
fitted on a movable shaft. When the shaft is rotated the area covered by each plate ° 
rotor and stator is varied and thus total capacitance is varied. In valve type old radi? 
circuit two gang capacitors are used while in transistor receiver miniature type is use 
Fig. (1.18) shows simple construction and other variable air capacitors. 


Speciality : Used for tuning the radio, large size, high cost but high operating voltage: 
Typical Range: 1pF to 500 pF. Maximum operating voltage 1 KV. 
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Stator Rotor 


Trimmer and Padder | ; Gang Capacitor 


Fig (1.18) Variable Air Capacitors 

1.3 INDUCTORS 

Inductor is a third important passive component widely used in AC circuits than DC. 
Inductor is a simple coil of copper wound on a core material. 

Inductance is the ability of a conductor to produce an induced voltage, when current 
through it varies. In other words inductor opposes change in current. 

The unit of inductance is “Henry.” It is defined as the inductance that will develop a 
voltage of one volt across it when current changes at the rate of one Ampere per second 
or when a voltage of one volt is induced for the change of current rate 1 Amp / sec then 


the inductance of coil is said to be 1 Henry. 


Inductance 
It is the property of conductor to produce induced voltage, when current through it 


varies. Induced voltage is the result of change of flux across a conductor because when 
AC current flows through it magnetic flux varies its strength and the direction, which is 
equivalent to motion of the flux. When DC current flows through the conductor voltage 
induction is not possible because DC current is steady and it flows only in one direction. 
Inductor behaves like a conducting wire on DC. 


Types Of Inductors at 
Inductors can be classified into two groups as, (i) Fixed inductors (ii) Variable 
inductors. But they are classified according to the material used for the core. 
(i) Air core inductors (ii)Iron core inductors (iii) Ferrite core inductors 


(i) Air core Inductor: = cote type a length of conductor, copper wire is wound on a 
hollow tube of these material. 4 cre air acts as a core, hence the name air-core inductor. 
(ii) [ron Core Inductor: Mere iron is placed as former of the coil sv known as iron 


core inductors. Iron is a magnetic material, so when AC current flows through a coil the 
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lines of flux are produced. These lines of flux pass through the iron core witho 


. . ‘ k me any 
external leakage. The iron core inductor is commonly called as a choke. 
wm &. 
— WEI WTI — WHT 
Air Core Inductor Fig (1.19) Iron Core Inductor Ferrite Core Inductor 


iii) | Ferrite Core Inductor: Ferrite is an artificially made non-metallic materia 
When a Ferro-magnetic material is placed in former of the coil the Ferrite core exhibits A 
minimum loss of lines of flux. . 


1.4 TRANSFORMERS 


A transformer consists of two inductors. One of these inductors is meant for 
supplying alternating current from an external source and is referred as a primary 
winding. In transformer, the change in current in one coil can induce an e.m_f. in the 
second coil. The coil in which the voltage is induced is known as the secondary winding. 


Hence, it is a device, which transfers alternating currents of high voltage to low voltage 
and vice-versa. 


Primary flux (Secondary flux 
geek als Nagecagtie: sana ie ne oni 


secondary) 


¥. =~ 
Primary i s S (Ve) Secondary 
voltage % uy voltage 
game agit Secondary 
Primary | current 


current 


Fig. (1.20) Transformer construction a rey The 
As shown in the fig (1.20) transformer consists of two windings (coils). j 
winding which is normally connected to the mains is called as “Primary winding ee 
other winding across which output is obtained is called as “Secondary Winding 
windings are wound on a core, which is laminated type. roltag? 
Transformer is an important device in which voltage is transformed from one vo of 
level to other required level. For example, 230 Volt to 6V, 230 V to 9 © etc. This ots 
transformer is called as “step down’(where Np>Ns) transformer. Similarly 230 
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KV, 230 V = a V this type of transformer is called as “step-up’(where Np<Ns) 

transformer. ranstormer action is based on Faraday’s law of electromagnetic mutual 

induction. Although the primary and secondary windings are not connected to each other 

power in primary ts coupled into the secondary by the magnetic linking. 


Working (Principle) 
When an AC voltage is applied across its primary winding, AC current flows through it, 
therefore changing magnetic flux is produced. Secondary winding is kept close to the 
primary, which will cut this changing flux. According to Faraday’s law, voltage is 
induced in the secondary winding. The amount of induced voltage depends on the 
number of primary and secondary turns and that can be calculated by a ratio called as 
turns ratio. 
Ne oP 
N, Vs 
Where N, = Number of turns in primary Ns = Number of turns in secondary 


ee Turns ratio 


V, = Primary Voltage Vs = Secondary voltage. 


Example 1 : A power transformer has 100 turns of primary and 5 turns of secondary, 
calculate i) secondary voltage if primary voltage is 120 volts and 
ii) frequency of secondary if primary voltage is 50 Hz. 


N V 
Tums ratio en 
Solution : $ s 
VpxN, _ 120x5 
V5.2 = 
Np 100 


Secondary Voltage = 6V 
Frequency remains unchanged therefore it remains 50Hz. 


Example 2 =A transformer has 120 turns of primary and 30 turns of secondary, calculate 
1) secondary voltage if primary voltage is 220 volts and 
ii) load current if load is 1KQ. 


. Np Vp 
Turns ratio ae a ee 
Solution : s s 
Vp X Ng _ 220 x 30 
s™ Np ‘100 


Secondary Voltage = 66V 
Load Current = Vs/R =66/1LKQ=66mA 
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QUESTIONS 
1) Fillin the blanks 
a) Fora PTC thermstur the resistance yale ........with decrease in lemperatuce 
by oc.oseeee- Resistor is used in high current circuits. 
ce) TDR Stands for .........--- 
d) Fleetrolytic cupucler i$ a ...------- capacitor (polar / nen polar! 
ve) Tn Air gang capacitor ,.... is used as dielectric. 
f) Transformer works vnly an .....--. 
z) Inductance is measured in ...-.-- 
hh) Rheostat is a... ....-.. Resistor (fixed/wariable) 
i} Tf two cepucitors cach of SU pl ure cunnested in series its resultant capacituny 
becomes ....... 
j) The colour code uf 33 obm resistor is...... 


Ane: ai decreases. b) wire wound, c) Light Dependent Resistor, J) Polar, ©} air. 1) AC, 


g) Henry hj vunuble i) 2S pf jrOrange, Orange black 


2.State TRUE or FALSE 

a) Paper capacitor is a polar capacitor. 

h) ¥DR stands fur Visiuble dyaamic Resistor. 
¢) Diode is an active component. 

d) MER stands for Metal Form Resistor. 

¢) Flectrotytic cupucitor is u polar capacitor. 


fy 


Gang capacitor is 4 fixed type of capacitor, 


g) Wire wound resistor is prepared with aichrune wire, 
h) Cadmium sulphide can be used to produce LOR. 


Answers: a) false 6! false ¢) crue d) false ¢} uc ft) talse ¢) ‘True h) Truc 


Compare between Wire wound and carbon compusition resistors. 

Falist the types of cupacttors and explain any one of them in detail. 

Capliim charging and disvharvine of 4 capacitor 

What do you mean by MFR °” Explain. 

Eaplain the constarction of paper capacitor, 

What is thermistor ? Eaplain the working of NLT.C. and P.T.C. thenmistors 
Lxpluin the constuction of electrolytic capacitor, 

Define 1 time constant und write ies equution. 
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15. Weite different types of inductors and explain ary cee, 


16 Explain the working of @ wsustoomer wi bins Sens etan 
ee =" re © | 


PROBLEMS 
1. Give the volour coding for the follow my resistance val yes 
1b IM& 2)3.3 QQ Fi8200 CLANSOO SHR MIZK ND 
Ans: 1) Brown, Black, Green 21 Orne, Oran ve Gold 
3) Gray.Red Red £1Baren. Gren, Brown 
S$) Bluc, Gray.Bluck Pike Black Kec 


4 Give the resistance and tolerance tor the “ulluwing cosisuns with cola strips. 
VYelJow, violet, yellow und Silver. 

Red, Red, Green and No vuluur. 
ii Orange Oranee , Black and Gold, i» Wlote, Brown Hrowe aoal pede 

Ans: j! 470KQ2 + 10% ii) 2200K of 2.2M (2 4 UR iti) IHL = SR ww) GION 25% 


3. Find RC Gime constant if R = 100 KStandC LOO (Ags: 1U sec) 


4. Find the tatal capacitance if two capacitocs of 20 pf and 5 wf are connected tn seres 
and if they are counected iu parallel. iAns: 4 ut 25pf) 
S. Which eupacitor is required in series wilt !2 Furad to ges un equivalent capacitance vu: 

4 Farad iAns: 6 Fara) 
4, Find the equivalent capacitance if three capacitors esch ef 12 pt ure connected mm senes 
Hd if they ase connected in parallel. (Ans: Cy = 4pf, Cp = 36,1) 
2, Vira condensers of 2thit! aud Sp are conneeted in seres and a thied cormlonser of OF 

is Connected in purallel with this combiqaioa find the equivalent capacitance 

(Ans; LO Furi) 
& A ronsfornver hus tune ratio of 10:1. Find she secondary voltage if the primary ts 
“ornected to 220 supply. (Ans: 22V1 
%. A Wrunsfncmer has tums catin of 5:1 ant if secondary voltage is SUV! SOiz. Land tre 
Pektaty voltage and the frequency of supply. (Raias Vir S00N, Pt) 
“4 teausfurmer has W turns of primary and 12) tras at ponading Calculate xis 
¥ vohage if secundary vultage iS ob volts tAns; Vp = 22UV) 
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1.5 SEMICONDUCTOR DEVICES . | 

In this part of this chapter brief theory of semiconductors IS explained tg 
understand the construction and working of diode and transistors. Semiconductors are 
tetravalent atoms known as intrinsic semiconductors. Their conductivity lies in between 
conductors and insulators. Practically they are prepared by adding impurity atoms to form 
P-type and N-type semiconductors. This process of adding impurity is known as doping. 
The doped semiconductors are known as extrinsic semiconductors. In semiconductors 
current flows due to motion of two types of charges i.e.Electrons and Holes. Let us see 
the difference between N-type and P-type semiconductors. 


N-Type Semiconductor 


1) Doped with pentavient atoms. 


pe Semiconductor 
1) Doped with trivalent atoms. 


2) Electrons are majority charge carriers. | 2) Holes are majority charge carriers 


3) Holes are minority carriers 3) Electrons are minority carriers | 


4) Pentavalent atoms give electrons 4) Trivalent atoms create holes, therefore 


therefore called as donor atoms called as acceptor atoms. 


5) Antimony, Arsenic, Phosphorus 5) Aluminum, Boron, [ndium, Gallium 


impurity is required impurity is required. 


14 P-N JUNCTION DIODE 

Semiconductor diode is similar to a valve diode; P-type semiconductor is joined 
with N-type semiconductor so it forms a P-N junction diode. P-type material is acting as 
because it contains majority holes anode and N type as cathode due to majority of 
electrons. Fig (1.21) shows this structure and symbol of P-N diode. 


Negative lon _— Positive lon 


Anode Cathode 
= pee += 


Symbol 


Depletion Region 


Fig (1.21) P-N Junction diode 
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parrier Potential 


As soon as junction is formed some of the electrons from N-region near the 
iynction CLOSS the junction and fill some of the holes of P-region as shown in fig (1.5). 
since the atoms of N-region loose electrons they become positively charged ions and 
since the atoms of P-region accept electrons they become negatively charged ions. Thus 
opposite types of ions are produced (Positive ions on N-side and negative ions on P-side) 
near the junction as shown in fig (1.21). These ions oppose further flow of electrons from 
Nto P region and flow of holes from P to N region. This opposing force of ions is called 
as barrier potential and this region is called as ‘depletion region’. This barrier potential 
isa 0.7V in case of silicon diode and 0.3V in case of Germanium diode. 


Forward Bias 

Bias means to apply voltage across P-N junction. In Forward bias, anode is 
connected to positive terminal and cathode to negative terminal of the battery. Fig (1.22) 
shows forward bias connections and it shows maximum current through the diode. In 
forward bias the resistance of diode becomes very low. Diode is acting as a closed 


switch. 
Current 


Max ———-6——— 


Fig. (1.22) Forward Bias 


Let us see how current flows through P-N junction. Negative terminal of the 
Dattery will repel electrons at N-region those move towards the junction and they 
°vercome potential barrier because battery voltage is more than 0.7V or 0.3V for Silicon 
and Germanium respectively. Then electrons move through P-region to the right side of 
the junction and then collected by positive terminal at the same time holes are attracted 


Y the negative terminal. 


Reverse Bias ° 
This is another way of connecting diode, P- region (anode) to negative terminal 
“region (cathode) to positive terminal of the battery, and then it is called as ‘reverse 
In this condition since reverse battery voltage is applied across the junction the 
of potential barrier increases. This barrier will not allow the movement of majority 


and N 
las J 
Width 
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carriers from N to P region. The current throug 
very high resistance or diode is acting as an open SW1 


h diode is not possible which INdicates ‘ 
tch as shown in the fig (1.23), 


Current 


iii 


Fig. (1.23) Reverse Bias 


Practically, very small current flows through diode, which is called as ‘reverse 
leakage current’ because of minority carries. . P-region has few minority electrons 
(generated by temperature electron-hole pairs) those are repelled by negative terminal and 
they flow through the junction towards right side through N-region and then towards 
positive terminal of the battery. 

The above explanation concludes that is current flow through diode is possible 
only in one direction, in forward bias and not in reverse bias. 


Applications of Diode 

As we have studied P-N junction diode conducts only in one direction, 
when it is in forward bias. Main application of such diode is to convert bi-directional AC 
supply into unidirectional DC supply, this process is known as rectification. Let us see 
use of diodes in rectifiers. 


Half Wave Rectifier 


AC Voltage consists of two half cycles as shown in the fig. (1.24) upper half cycle 
is known as positive half cycle and lower cycle is known as uegative half cycle. 


Positive half cycle 


<«— Negative half cycle 


Fig (1.24) AC voltage waveform 
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Half wave rectifier is a simple and low cost rectifier circuit it is used where high 
yality DC is not required for example to operate Night lamp, Radio circuit, etc. 
As shown in the fig. (1.25) a step down transformer is connected to step down main’s AC 
supply: A diode is connected in series with load ‘R;,’ and output DC voltage is taken 


across Rt. 


oy 


Fig (1.25) Half wave Rectifier Fig (1.26) Waveforms 


Working 
Refer its circuit diagram and waveforms. 

(i) In First half cycle or positive half cycle of AC voltage, suppose transformer 
secondary terminal ‘A’ is positive with respect to terminal ‘B’ refer fig. (1.27a) diode 
becomes forward biased it is acting as a closed switch. The current flows through the 
“ireuit its flow is from terminal A through R to terminal B as shown in fig (1.27a). Thus 
same output voltage is developed across R, similar to half cycle of AC input. 


A 


Output 


-Vehalfcycle 8 
(a) (b) 
Fig (1.27) 


(ii) In the next cycle (negative half cycle) transformer terminal ‘B’ is positive with 
respect to terminal ‘A’ now observe the fig. (1.27b) diode becomes reverse biased, diode 
is acting as an open switch thus current through circutt is not possible it is blocked by 
diode. The output voltage 


(Vout=IxRp=Ox R= QV) is zero refer waveform fig, (1.26). 
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Thus diode will conduct only at positive half cycle and it rectifies negative half 
cycle hence it is known as half wave rectifier. 


Types of diodes . a 
In addition to rectifier diode there are other kinds of semiconductor diodes, which 
are manufactured for special applications 


1) Zener diode 2) Light emitting diode (LED) 3) Photo-diode 
4) Varactor diode 5) Schottkey diode 6) Tunnel diode 
Let us see important types, symbols and applications in brief. 


1) Zener Diode 


Zener diode is designed to get stable voltage and it is operated in reverse bias 
only. By adjusting the doping level, zener diodes of different voltages from 2 to 200V 
and with different wattage are manufactured. Fig (1.28) shows its operating I-V 
characteristics and symbol. The Zener gives useful working in reverse bias only in 


forward bias it conducts just like rectifier diode, it is therefore very important to know 
about its reverse characteristics. 


Zener symbol ZD = Zener diode 


Fig (1.28) Zener Diode and I-V Characteristics 


As shown in the fig (1.28) a reverse bias voltage is applied across zener. Initially, 4 
voltage across zener increases the current through zener is very very small and at 4 
particular voltage (Vz) zener goes into breakdown. At this voltage current through zener 
suddenly increases but voltage across it remains constant. For further increase in voltage 
zener keeps voltage across it constant and it draws more current through itself. 


Application : Zener diodes are used in DC power supplies as a voltage regulator or 7 
special circuits to stabilize the voltage. 


ce 


2) Light Emitting Diode (LED) 

This diode plays an important role in indicators and displays. LED is constructed 
with Gallium (Ga), Arsenic (As) and Phosphorus (p) instead of Silicon and Germanium. 
When light-emitting diode is in forward bias it emits light instead of heat generated by 
normal diode. When P-N junction is forward bias in case of L.E.D. some of the holes 
combine with electrons of N-region and some of the electrons from N combine with holes 
of the P-region. Each recombination radiates light or photons. LED’s are available in 
three colours Red, Green & Yellow. 


Applications: They are used in 7 segment displays as panel indicators, in watches, 
calculators, digital meters and as a switch- ON indicators on power supply panels. A 
series resistance is always required with LED to limit the current because if excess 
current flows through it, LED may get damaged. (The value of resistance is calculated by 
ohms law R =V/I) 


3) Photo Diode 

The function of this diode is opposite to LED, when light is incident on it, it 
conducts.It is manufactured with cadmium selenide (CdSe), cadmium sulphide (Cds) in 
addition to Germanium and Silicon. The current through photodiode depends on the light 
intensity.Photo-diode is normally operated in reverse bias. When it is exposed to light 
due of energy of light,electron- hole pairs are generated therefore current flows through 
it. 
Applications : In computer punch card; light detectors, sound reproduction of film 


projector and light operated switches. 


Comparison 


Photo Diode 


1. lt conducts when light is incident on it. 
2. It is operated in reverse bias 


iJ 
3. Symbol. ol 


4. Current through it depends on light 
intensity. 
5. Used as light sensor or transducer. 


6. Cadmium selenide, Cadmium 
Sulphide. 


_ ss CLED 
1. It emits light in when it conducts. 
2. It is operated in forward bias 


// 
3. Symbol =A 


4. Light intensity depends on current 
through it. 

5. Used as indicators or displays. 

6. Material used Gallium, Arsenic 
Phosphorus. 


156 Electronic Compo 


SR A eee 
_ 


1.6 TRANSISTORS 
Basically, this name transistor is made up of two terms “transfer-of-resistor” 
because its resistance transfers from one value to other value depending on its bias I 
other words the current through transistor is controlled by the bias. Bipolar means bol 
holes and electrons take part in carrying the current through transistor therefore they are 
called as bipolar transistors. : 
The transistor also is a P-N device but with two P-N junctions and three termina] 
(1) Emitter- that emits electrons (2) Base - which controls this electron flow 
(3) Collector- that collects these electrons. 
There are two basic types of bipolar transistors 
(i) NPN transistor and (ii) PNP transistor. Fig (1.29) shows their structure and symbol. 


Cc 
B 

E 

Cc 
B 

E 


Fig. (1.29) NPN and PNP Transistor 


Transistor consists of three semiconductor regions (either Silicon or Germanium) 
as follows 
1) Emitter - It is heavily doped and medium in size. 
2) Base - Lightly doped and thin in size. 
3) Collector - Medium doped and larger in size. 
Thus transistor has two P-N junctions Emitter - Base (EB) and Base - Collector (BC). 
Let us sce the proper method of biasing a NPN transistor. As soon as transistor is 
formed, two potential barriers are produced, one is between Emitter and Base and other 
between Base and collector. To get easy current flow through transistor it must be bias 
by connecting external DC supply. Hence there must be two batteries to apply bias 
across E-B junction and B-C junction. We can bias these two junctions in three differen! 
ways 
(i) FF bias - Both junctions forward biased 
(ii) RR bias - Both junctions reverse biased (iii) FR bias - One forward and othet 
reverse biased. 
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In first (FF) method both junctions are forward biased so large current flows 
ihrough transistor, transistor behaves as a low resistance, it does not give control action, 
and therefore this method is not useful. This (FF) condition we get in “saturation” state. 
in second (RR) method since both junctions are reverse biased, current through transistor 


.; almost zero transistor behaves as an insulator that is transistor is in ‘cut off’ which is 
also not useful state in amplifiers. 


Conventional 
current 


| 


Cc 


I 


Fig. (1.30) Transistor working 


(a) 


However, the third (FR) method is the correct method in which Emitter- Base 
junction is forward biased and Base- Collector junction is reverse biased. In this 
method transistor works as a controlled device and transistor is in Active region. Refer 
the fig (1.30) it shows this biasing method. Base-Emitter is biased with low voltage 
battery (Vpg) and Base - Collector with high voltage battery (Vcc). Now observe the 
battery connections, negative terminal of the battery (Ves) it will repel electrons towards 
the Base, they enter in the Base region. Base is P- type material and it is lightly doped 
thus few electrons recombine with holes and those number of electrons will pass into the 
Base from positive terminal (Vpp)- Rests of the electrons are attracted by positive 


terminal of the battery (Vcc) through Collector. . . 
Collector collects most of the electrons; therefore Emitter current is very close to 


the Collector current. 
Ig =Ic 


But as shown in the fig (13.30) we can say 
Emitter current = Base current + Collector current 
Ig = Ip + Ic 


Similarly fig. shows the direction of conventional current from Collector to Emitter. 


Alpha and Beta of Transistor 
Pp The relation between Emitter current (Iz) and Collector current (Ic) is given by 


alpha (o) and the relation between Base current (In) and Collector current by (B) of the 


iss 
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STEIN 
trausistur. “B* of the transistor Cells us that sinat! Base cnerent cortrals a late (> 
current, ®thr 
t 
{Alpha ce = Collector current 
Lonit\er current 
‘fo u  zezceng (1) 
I 
Similarly (Beta) B = CoUector current 
Base current 


B= = —=—=(H) 


" 
‘The relation between ce and |S is given by equation as 


fp 


‘pe =, @ 
we = a (la) 


Suppose L:= 98 mA, Te = 100 mA and Jn= 2 mA then 


Where ff is greater than | and it tells us how much is the smaller Base careet th 


Collector current. [§ of transistor is importunt, it is specified by manufacturer it 
from 20 tv 400. 


Example : If the ‘B* of transntor is 49 find the value of ur. 
Solution : Formnula 


Which is true because & is always less than 1. 


PNP Transistor a past 
The action of PNP transistor is quite similur to NPN transistor it differs 19 

connections only. It requires opposite battery connections. Biasing method is east i 

refer fig. (1.31) Emitter (P-type) is connected tu positive terminal while Base iNet 
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pogative avd Collector T-Vype} tc Nezalve loom! 
Cubector supply. Current theoualy PNP transive, . 


Wl ef high voltsee Hatters Wer or 
* transistor. 
NPN 


Bue bi bales as itis due to electrons 


B: é 
; Lf % — "ee 
he = 7 mS 
b A: | 
Forawd peers: — 
ot,= 


Fig (1.31) PMP Transistor 
(fore also, we get the simikw felutions windop Base. Litter 2nd Collector current 


Comparison Se ire a 
Se a _Tramistor | 
= Only one P-N jancuya ___| Tt tus Tre PEN junctions __ = 
2. Diode has ew lerminils anode und Trimsistur is a \hrse ternal device 
cathode Lininer, hase ané culisctiye_ __- __f 


Abconducts only in forward bias, __| I scoudasts 1a PK bus, 


— ——— — SO 


ee 


4. his used inrectifier circuits ___T can be asec as an amplifier or oseinch 
(Types: Zener (ode, [..E.1), Photo ious _| Types: NEN. PNPLET.MOStET___| 


17 TRANSISTOR AMPLIFIER 
Teaasistur has wa main upalicatiogs 

i) Ab Amplifier ii} as u Switch . ee 
When it is ey euler it is operated ut active region aod avi ids cut and 
uration otherwise it produces distor'ce Sty! 


‘ H h voltage divicer bias. (ny te 

Refer fj oh 3 1c a typocal single stage amphfier wit ges . 
ciroyit “ erste it ator se Secs che transistor a: operahiog pont J it provides a 
divides ne erage Be ung Coz are called 25 evuplng capacilats they cudples = 

= - Capuc.ty - unc &s? 
oe sees _ ee ee oak passes use current. ht is ampliied uy the 
callectue Sesaute oaks Corel yaliage ts ken trort the collector wont. ground. 

24 L.32h) shows its graphical anslyss 


160 Electronic Component, 


4V 6V 8V VCE 
(b) 


Fig (1.32) Single stage Amplifier 


Fig shows input signal of + ImV is applied to a transistor amplifier and output is 
taken from collector to ground ( Vo = Vce ). To understand how signal is amplified by 
transistor amplifier refer the graph shown by fig (1.32b). It gives the following 
information 
Case 1: When signal is zero or absent 

Ip =120 pA, Ic =6mA, (Since Ic = Bp and B = 50) and Veg =6V 

It is known as operating point ‘Q’ (6V, 6mA) 


Case 2: When signal is at peak + ImV then 


Ip = 140 pA Ic =BxIp “ Ie =50xX 140pA 
= 50x 140 x 10°A = 7000 x 10°A 
=7x10°A =7mA 


(As Ig increases Ic increases from 6 mA to 7 mA). 
Therefore Vcz = 4V as input increases output decreases from 6V to 4V because inp! 
voltage and output voltage of common emitter amplifier are always 180° out of phase. 


Case 3: When signal is at peak - ImV then Ig decreases and Ic also decreases 
but Vcr increases, Refer graph of Ic - Veg as shown in fig (1.32b) 
“Ig = 100 HA Ic = B xXIp 

= 50 x 100 x 10° 

5mA i% Vcr av 


Y 
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These three cases can be summerised as shown in the table. 


Therefore voltage gain is calculated as 
AYO. ,.. Chane mong yoliage 


SO He AVin Change in input voltage 
_ (8V)-@V) — 4V_ 
~ (#1)-CDmV 2 mV 
_ 4 
~ 2x 10° 
=2x10° = 2000 


The voltage gain of amplifier is 2000 that means output signal of amplifier is 2000 times 
larger than input signal. 


1.8 TRANSISTOR AS A SWITCH . 
When transistor is used as a switch it is operated either in cut-off or in saturation. 


It avoids active region. In digital circuits like gates in computer circuits transistor is used 
as an electronic switch. It is operated by applying input voltage (either High or Low) at 
base terminal. 


+V.. 


Cutoff Saturation 
Fig.(1.33) Transistor As A Switch 


Case 1: When Vp =0 the base-emitter junction is in reverse bias. The transistor goes in lo 
Cut-off. It is equivalent to open switch as shown. 


Case 2: When Va = +5V the base-emitter junction is in forward bias. The transistor Is 
ON it goes in to saturation. It is equivalent to closed switch as shown. 
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SMPS is a madern type of DC regulated power mainly used in COMPUteT, 5 
television circuils. It consists of a trenslarmer, diode revlifier With capacitor files hut ay 
gives an unregulated DC weymt. A transistur regulacor im which the trausistor is Ope ite. 
as a switeh hence called as Switch Mode Power Supply (SMPS;. * 


Basic principle 

In SMPS instead of muking the series puss Lrunsistus coudueling Cuntinuously at 
is Operated in switching mode that acts as a rapidly opening and closing 
Pructically wes tradtsistur is operated us a swilch it dissipule very small power, 


NSIS ae 
SRitch 


=" 


Ls. 


Fig (1.33) Idea of SMPS clreult 
Working 
As sbuwn in fig. sn unregulated DC (Vin) is applied tu the switching transistuz, «2h 
chopping the vullage in the form of pulses. The switching transistor is aperated by it pals: 
yeneruter operating it at w cupid rete ahoat 20 KHz Greyuency. When the pulses a: 
cnninceted tu the switching transistor ifs buse voltage is rapidly changed heewees high 4 
low. lor instance, when the base voltage is low the amistur is in cut OFE anaking 8 
emitter low und when the base voltage ia high it couples (Vj_i to its emitter vollag 
because ut acts as 4 closed swilch. 
A uhude is commected ia the cirevit to avoid the inductive kickhack because hack er + 
produces by the inductur it may damage the series transistor. An inductor with caper 
ie 4 Giter circuit Ww filter chopped DC into final smooth DC output with a vers spl 
Tinple, 


* ae 
aa “ees Zi. 16H 
| 


tC — 


an 


tsa rewker 
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gdvaritage of SMPS 

Sruail in size and low cost puwer 
ty heating, iii)Better regulation 
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SUpply (1) Lew sew, 


, tr :ssipet'on results in less 
sid eff.ciency, ones 


pisadsantage of SMPS 

jphes maximun aceaninges Pe: mentoned carlice valy wo in hecent disadwantinges, 

fae RTE, MSCS ONAN seclnaguz 1b generate: clecrumagnetic interference 
© (RMD) like noise spikes, which may affect aaciy section of te auin circuit. 

i The cuntrol purt uf Ute carewit is expensive, curmpheated ax! lesy reliable 


[JU CLASTIFICATION OF ICs 

The fust semicunductor integrcted cinvust {IC} wus developed in 1958 by J. K. K'tby- 
Theo many different standard semiconuuctors [C's ce developed. T best digital IC's can 
te classiGed acverding tu the semicandictor devies, whiea ts tustelly used cl bus’. 
tack in munufacturing process ul civsopioeessor und ober (C's. These I's ae 
classified ito two groups. 


aicemmmaa Logic fumilles{ICs) 
se “4 
1 Uni Tech 
Bla rgd a ratiager 


Satarated Non-sulnrated - 
RIL, DIL, TTL) (LCI. Schottky TTL) 


DIL = Diode Transistor Luis far iy 
FCL= Limiter Coupled Lugic tarntly 
PMOS = P-channel MUSFET family 


RV = Resistor ‘Trunsistor Lugic fsmily 
TIL, = Transistor Transistor Logic family 
NMOS = N-channel MOSFET family 
CMOS = Complementary MOSTET fanuly 
i eet to construct the 
; ; “civrs, tia NTN CATISIStUNS are use. we 
mates ue hnology. tc deadly the wansitors me Gives inte erp — i 
Rmcec toy a cadens are uperaced slightly boiow pecan Se aa 
POpapition delay. fe unipolar raceaulogy MOS 
Sousiruct the semicondsctur IC's. 


isfi .” -hin ar IC depend on their 
Characteristics Of IC s af an integrated chip or IC « B 
The Performance and the — oak the cust of semniconiacter family depends 
mmtsteristics, Similarly, a eae : necifies these charwcter'suce | mut 
Various characteristics, the ™ 


aaipoiar iransssturs 


tac tv cons ! 
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so that user can select that chip for a particular application. There are seven Main 
characteristics as follows oe 

1.Propagation Delay (Speed) 2.Power dissipation 

3.Figure of merit 4 .Fan-In / Fan-Out 


1. Propagation Delay (Speed) 

The total time required to execute one instruction or the delay in microprocessor’, 
response for an instruction is decided by this important characteristics. Manufacture, 
specifies the speed of digital family in terms of propagation delay. The propagation delay 
is defined as “the time required to change the output from one logic state to other 
logic state after input is applied.” It is denoted by “t,” for example, TTL logic family 


has t, = 10 ns. specifying that it takes 10 nanosec time to change the output from one 
State to other state. 


2. Power Dissipation 

Another important characteristic is indirectly related with propagation delay it is power 
consumption or power dissipation of logic family. It is defined as “the amount of power 
in mW dissipated by a gate in an IC”. Low power dissipation is desirable because it 
generates less heat and therefore it avoids cooling, power supply and cost problem. Low 
power dissipation means it should operate with minimum voltage and with minimum 
current. Manufacturer specifics power dissipation “Pp” in mill watts (mW). 


3. Figure Of Merit 


This characteristic indicates the total performance or quality of a family. As discussed 
earlier if resistance of the circuit is increased to reduce the current or power dissipation 
then the propagation delay increases. In opposite way, if we reduce the propagation 
delay to make it faster by reducing the resistance then more current is drawn by the gate, 
which increases the power dissipation. 


Therefore both these characteristics, propagation delay and power dissipation a 
expressed in terms of “figure of merit”. It is defined as “the product of propagation 


delay and power dissipation” of the gate. Figure of merit is measured in terms of “PJ” 
(Picojoules) 


(Figure of Merit) PJ =t, X Pp (10° X 10° = 10°) 
PJ = nsec X mW (10°? = Pico) 
= PJ 


For example, in case of (Standard) TTL the propagation delay is 10 nsec and the power 
dissipation is 10 mWatt therefore its figure of merit is 10 mW x 10 nsec = 100 py The 
lowest figure of merit indicates the best performance. 


= 
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4. Fan In-Fan Out 

Mostly, the capacity of driving the loads of a gate is expressed in terms of fan out. Fan in 
is the “number of inputs to a gate”. While fan-out is defined as “the maximum 
number of gates (loads) from the same family which can be driven reliably”. Fan 
out is also known as loading factor. e.g. in case of TTL fan in and fan out is 10 that is 
maximum 10 TTL gates can be connected to the output terminal of a TTL gate. 


Fan In Fig. (1.34) Fan Out 


Comparison of CMOS with TTL Family 


CMOS Family ____ TTL Famil | 
_Itis an unipolar family. p 


Propagation delay is more. It is 50 nsec. | Propagation delay is very low. It is 10 nsec. 
Power dissipation is very low,only Power dissipation is very high. It is 1OmW. 
10nW. 


_Figure of merit is 0.002 Figure of meritis 100 
Supply voltage range is 3V to 18V. Supply voltage range is 4.75V to 5.25V. 


Fan-in Fan-out is >50. Fan-in Fan-out is 10. 
Numbering system is 74CXX. Numbering system is 74XX. 


QUESTIONS 
1. Select the correct answer 

a) A doped semiconductor is known as........ semiconductor. 
i) Intrinsic ii) extrinsic _ iii) none of these 

b) In... semiconductor holes are the majority charge carriers. 
i) N-type ii)P-type iii) both type 

¢) A P-N diode conducts in ....,... bias 
i) forward ii)reverse iii) both 


d) The process of converting AC in to DC is known as ..... 
i) rectification _ii)amplification iii) transformation 


a 
fe aul in amplifies it js operated 17 «--- Region 
" nine itt y ister 3u0u iii) or dd be in... ... Digs 

. . ode cveuits hasz-enuitler jusceunn shou _— 
ay jimeverse iii} bota 
x) In SMPS transistor is operaied wh ee 
i) reeuficr damphfier wl switch 
h} Propaystiun: delay oF ur IC is wqusured 10....-- 
i} mSec i nSee. iti) See. 
1) CMOS faitily 18h... Farnily 
i bipelar iijunipalur iti} nuac of these 
jiTe cavait ........ divde b in forward biay. 
oe Peel ov fe" wp 
a tl te} 


4) A zener diode when used as a voltage regulator itis ...... 
iJunbiased is} in forward bias ididiv reverse biase 
NLED is used as u.... 
rectifier it) Vuliage stabilizer iii) indicator 
m) In Wunsistur structure, tbe regiun bytily duped having thin area ts ...... 


i) buse ii emitter iit) collector 
ni itl, = 30 pA and te =1,5 mA then fi is... 
no05 n) 20 iii) 50 
Answer: hay b)P4ype cp forward —d) rectification e) active 
2 forwias ee g) Switch hinSoe. 1) ummpolar jofig. (bs 
Jin reverse bias Uindicatur thi hase nso 


2. State True or false 


4) Adding pentavalent impusily fe ; 
b) Photodiode conducts in reverse biee Pe Semiconductor. 


¢) Transistor cun rectif y AC suppl 
@) In transistor virevits alpha | ge 
3 am 
) TIL is a bipoler a ee are 
J) Figure of merit is measured i 
‘ in Joules, 
&) SMPS is an unregulated power supoty 


er 
+a} False 4) True co) balse dy ‘Ire <! tue 


write the difference between N type und Pyge Semicoadus 

Draw P-N diode in furward und feverse Rigs and an “ 
Explain The working ot half wave rectifier | 
Compare L.ED with Photo diude. 


7 Explaia the construction of transistur und stute its Iypes. 
z 


ty False uy false. 


What is the biasing cule of transistor? 
Define alpha and Beeta of transistor. 
yo. Winte the difference between Diude and Trausistor 
1), Draw a circus Chas rany Of single stage Ampliticr, 
2, Explam how tansmtur is used as a swilek. 
13, Write advantuges and disudvautages of SMPS, 
4 Write a shart note on SMPS. 

ig, Clussify semicunductur ICs, 
i. Define u) Propagation delay b) Fan-ivFau-our, 

% Compare TUL with CMOS family. 
Ik. Ip a transistor circuit if emitter curent is 1OmA and hese current is 2a find 

collector current, a and f. (Anse =Sind, C=3.8,8 4 
'9 Ina transistor circuit lo = 12mMA, Ip =U.6nr4. Find Ie, «1 and fi. 
(Ans; L=l2.60a8, 0 = 0.95, =20) 

Y. Identity the following components: 


(b) te) te 


(a) 
a a 


(e) f ) (9) 
Capuciter d) electrolytic capacator 


Juu 


Ans; ) carbon resistor by} Carbon Pot jeerusnis 
¢) Rectifier Diode f) LED g) Transistor 


2. LOGIC GATES & 


SEQUENTIAL CIRCUITS 


INTRODUCTION . | 
The aim of this chapter is introducing the relation between mathematics and logic by 


means of Boolean algebra and importance of logic gates. The logic gates are the basic 
circuits of digital electronic systems just like resistors, capacitors in analog circuits. This 
topic explains details of these gates and examples based on logical equations to get 
perfection in logical thinking. It also includes Boolean laws and few applications of logic 


gates. 


2.1 LOGIC GATES 
The logic gate is an electronic circuit, which has one or many inputs but only one output 
as shown in fig. (2.1). The output is expressed in terms of binary code 0 or 1. 

+V. 


a 


A P 
Inputs B Logic Y Output 


Fig. (2.1) 
Logic gates can be constructed by using simple switches, relays, vacuum tubes, 
transistors, or diodes. Now due to their availability in the form of integrated circuits 
(ICs) they are used to construct digital circuits. Before studying different types of logic 


gates let us study few related terms. 


(i) Logic - It is the statement, which gives condition for high output. Logic may be in 
terms of High/Low, True/ False, 1/0 etc. 


(ii) Truth Table - It is a table in which logic is expressed by taking all possible 
combinations of inputs and respective outputs. The number of possible combinations in a 
truth table is given by 2" c.g. if there are two inputs (n = 2) then 2" = 27 = 4 rows, if n=3 
then 2° = 8 rows are there. 


(ii) Boolean equation - It is a mathematical equation representing particular gate for 
input and output. Scientist Boolean invented a new kind of algebra; in this algebra he 
proved that binary logic is valid for letters and symbols instead of words. 
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symbol - Each gate is represented by a logical symbol like resistor symbol 


iV) ‘ . . 
| are are SiX different types of logic gates, out of six, three gates are basic and the other 


vi are prepared from these basic gates with little modification. 


of Gates 
4) Basic Gates 
“ 1)OR gate 2) AND gate 3) NOT gate / INVERTER 
i) Derived gates 
, 4) NOR gate 5) NAND gate 6) EX-OR gate 


gut of these gates the two gates NOR and NAND are called “universal” gates because it 
s possible to construct all other logic gates by using exclusively NOR or NAND gates. 
let us study each gate in detail with logic, truth table, Boolean equation, symbol, and 


simple circuit. 

(1) OR gate 

This gate is known as “Inclusive - OR’ gate. Consider A and B are the inputs and Y is 
he output. The gate is called any or all gate. 


Logic - “If A is true or B is true then Y is true” 


It means that if A and B are the inputs then either A should be high or B should be high 
ot both then output is high where high is represented by binary | and low by binary 0. 


Truth Table Symbol 
Boolean equation | y= A+B le sign indicates OR function 
Sim ae 
ple circuit 
" us construct using A and B switches. For the output a anu i LED can : used as 
‘town. ider Switch open = 0 Switch close = 
Consider, -_ ED OFF a 


LED ON 
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A 
try 
B 
V 
Truth Table Fig. (2.2) OR gate 


Fig (2.2) shows simple OR gate circuit where LED glows when either switch A is closed 
or B is closed or both because circuit becomes a closed circuit. But when both A and B 
are open then the circuit becomes open circuit, current cannot flows through the LED 
thus the LED remains OFF, 


(2) AND gate . 
This is another basic logic gate, logic is different than OR logic 
Logic - “If A is true and B is true then Y is true”. 
It means that the output of AND gate is high only when both inputs are high. 


Truth Table Symbol 


Boolean equation Y= AeB or ly = AB 


If AND gate is three input gate then Y = ABC and so on. Dot indicates an AND 
Operation. 


Simple circuit 

In this logic switch A and switch B are connec 
both are closed otherwise when any on 
circuit where current flow is not possible. 


ted in series so that LED glows only when 
€ switch is open the circuit becomes an open 
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Open OFF 


Closed OFF 
Open OFF 
Closed ON 


Fig. (2.3) AND gate 
3) NOT gate 
This gate is always single input gate it inverts the input in the output therefore known as 
‘inverter’. 
Logic - “ [fA is true then Y is false and if A is false then Y is true”. 


1 0 


Truth Table Symbol 


Boolean equatio 
trea) Y equal to A bar) Bar represents inversion. 


To get an inverted logic the switch is connected across the lamp. When the switch is 
closed LED is shorted its anode is directly connected to cathode which will not give 
forward bias across the LED hence it is OFF. When the switch A is open short circuit 
across LED is removed current flows through LED hence the LED becomes ON as 


shown in fig. (2.4). 


Simple circuit 


A Zs 
' | 


Fig. (2.4) NOT gate 


ON 
OFF 


) NOR gate | _ 
is is the : apieiaeat of OR gate. If the logic of OR is inverted then it is known as 


Nor OR) or NOR gate. The gate is called nothing all gate. 
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Logic - “ /f A is true or B is true then Y is false.’ a ly 
This means if any one or both inputs are high then output becomes low. 


Truth Table Symbol 


Boolean equation Y= A+B 
because ‘+’ sign indicates OR and bar is inversion of OR. 


A B LED (Y) 
Open ON 


Close OFF 
Open OFF 
Close OFF 


Fig. (2.5) NOR gate 


Simple Circuit 
Refer the circuit of OR and NOT, OR is a parallel circuit of Switches but it is in series 


with lamp. It gets inverted if this parallel switch circuit js connected across the lamp. 
Because across the lamp means NOT circuit. 


5) NAND GATE 
Logic — “If A is high and B is high then Y is false” 


Truth Table Symbol! 


yogic Galt & oequential Circuits 
2 
goolean equation Y= AeB or _ 


A 
[th 
a L Open Open ON 
T B Open Closed ON 
Closed Open ON 
Closed Closed OFF 


Fig. (2.6) NAND gate 


EX-OR GATE 
The Exclusive OR gate is sometimes referred as “any but not all” gate. The term 
‘Exclusive OR” gate is shortened to “XOR”. The main difference between an inclusive 
OR and an exclusive OR is, in EX-OR when both inputs are high the output is low but in 
aclusive OR, output is high. Now let us see two input EX-OR operation. 
Logic - ‘When A is true OR B is true but not both then Y is true.” 


> => 


2 Inputs EX-OR 3 Inputs EX-OR 


Symbol 


Truth table 


Boolean equation Y=A@B 
Exclusive OR gate equation can be written 2s _ 
A@B=A BtA B 


This can be proved as 
When A= 0 and B= l 
L When A= 0 and B= 0 2. 


- 3B Y=AB+AB 
cell -1.1+0.0 
| = 1.0+0.1 a 
=0+0 - 


=0 
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‘ Wh A= J = 
3. When A= | and B= 0 4 ids = 
Y=AB+AB Y=AB+AB 
= 0.1 + 1.0 
os - 
A B 
AB 
i | 
AB 


Fig. (2.7) An Exclusive OR gate 


Fig. (2.7) illustrates the logic circuit diagram of EX-OR gate using AND, OR and Noy 
circuit. The equivalent circuit with a SPDT switch is as shown. 

The O state and | state are shown thus when the inputs are unequal A= 0 & B 
A=1&B=0 the circuit becomes complete, 
=landB 
OR opera 


= | and 
lamp glows and when the inputs are equal 4 
= landA=0 &B =O the circuit is open, lamp does not glow which is the EX- 
tion, Other equivalent circuits can be constructed using the equation 


Y=A.B+A.Band connecting an equivalent diode AND, OR and NOT at their place. 


ODD / EVEN PARITY 


An EX-OR gate shows an interesting property of parity checking. It can be used as? 
parity checker. As we have already studied the truth table of EX-OR for two inputs but i 
gives different outputs for three inputs, five inputs i.e. for odd number of inputs. Now le 
us see three input EX-OR gate with its truth table, 


Observe the truth table 


0 0 0 0 1) When A=0,B=1&CH=1 

0) 0 1 1 Output is zero because 

0 ] 0 | Y=A@BO@C 

0 l l Q* =006161 

] 0 0 l = 1@61=0 

l 0 l Q* 2) WhenA=1,B=0&CH=1 

. 0 Q* A®B®C=1006 1=0 
l 


3) When A=1, B=1 & C=1 
A®B=0 0@®C=00@1=1 
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The above example shows that when the number 


and when the number of high inputs is odd the 
used to indicate even / odd parity in given data. 


Comparison of Logic gates 


Logic function 


NOT 


AND 


NAND 


OR 


NOR 


Exclusive OR 


Exclusive NOR 


Symbol 


Sz 


Input Output 


A 
B b 


Input Output 


A 
B 2 
B 


Input Output 


A Y 
B 


Truth table 
A A 
0 | 
1 0 
Inputs Outputs 
A B AND NAND 
00 0 1 
0 1 0 1 
1 0 0 1 
1 J 1 0O 
Inputs Outputs 
A B- OR NOR 
0 0 | 
0 1 1 0 
1 0 1 0 
1 1 1 0O 
Inputs Outputs 
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of high inputs is even, the output is zero 


output is high. Thus EX-OR gate can be 


Boolean Equation 


and [C number 


Y=A.B 
IC 7408 


Y=A+B 
IC 7432 


Y=A+B 
IC 7402 


Y=A@B 


A B_ EX-OREX-NOR 


—-oOo-—- & 


a) 


-oOo oO -— 


IC 7486 
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The above table illustrates SEV 


these gates. 


y ay } DE-MORGAN 
It is frequently require 


en logic functions with this table one can easily remembe, 


’S THEOREMS 
d to convert a basic gate into another gate function with the help of 


inverter. For this purpose De-Morgan has stated two theorems for two universal Bates 
NAND and NOR. They are known as universal building blocks. i.e. one can change the 
function of one gate to another by taking the help of an inverter. 


First Theorem 
This theorem gives an equivalence between NOR and AND gate i.e. we can replace ‘;’ 


by dot by using this theorem. This theorem can be stated in different ways 
“The NOR gate is equivalent to bubbled AND gate.” 
OR 
“The complement.of a sum equals the product of complements” 


> 3, 
DD 


Bubbled AND 


Truth Table 


Fig. (2.8) 
Fig. (2.8) illustrates the truth table and the symbol of equivalence, bubbled AND whose 
inputs are inverted and hence by Boolean equation it is represented as A.B by taking 


individual bar 


Proof A+B=AB 

Case 1 A=0andB=0 Case 2 A =O and B = 
LHS 0+0=1 LHS 0+1=0 
RHS0.0 =1 RHS0.1 =0 

Case 3 A=1andB=0 Case 4 A=landB=1 
LHS 1 +0=0 LHS 1+1=0 
RHS 1.0 =0 RHS1.1 =0 
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second Theorem 


This theorem gives an equivalence 
‘+’. The theorem can be stated as 


The is NAND gate is equivalent to bubbled OR gate,” 
OR | 
The complement of product equals the sum of complements.” 


bet i 
ween NAND and OR ic. dot can be replaced by 


Bubbled OR 


Truth Table 


Considering the four cases as explained in the first theorem try to prove this theorem. 
Verify the truth table. 


2.3 NAND GATE IS AN UNIVERSAL BUILDING BLOCK 

The NAND gate has an interesting property. It can be used to build an OR gate, AND 
gate or NOT gate. We can construct all other gates using one or many NAND gates, 
hence the circuit which has a number of gates AND,OR,NOR etc. can be converted into a 
simple circuit which will contain only NAND. In the next topic you will find that a flip- 
flop circuit can also be constructed by NAND. In the manufacturers literature you will 
find NAND gate seems to be more widely available than other gates. Let us construct all 


other gates using NAND only. (* Follow the same sequence) 


Constructions en 
i : To convert NAND to NOT, refer the truth table o 
" ad an eee are A = 0 and B = 0, the output Y is 1 and when A = | and 


the inputs ee 
Sr sont = 0 and thus we can short A and B inputs and make 1t single 


input A’. 
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2. AND using NAND 
Now you can easily construct a 


D-+b-- D 
DoD> - D 


s, NOR using NAND : De-Morgan’s theorem states that a bubbled AND is NOR. 
We know NAND equivalent bubble (NOT), and equivalent AND circuit connegt 
them. 


D D> See 


quivalent NOR 


» Here we can use Boolean equation AB=AB 
n AND gate by just inverting NAND output, 


4, OR using NAND : Now you can invert the output of NOR A+B = A+B 
Fig. shows the construction of an OR using NAND, double inversion gets 
cancelled 


NOR NOT 


Equivalent OR 


ai EX-OR using NAND : 
This can be simplified by connecting the circuit Y= A.B + A.B 


=[AB]+[AB] 
= AND + AND 
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Substituting AND, OR circuits in the above diagram 


Cancel the inverters in series as shown, the rest of the circuit gives an EX-OR circuil. 


2.4 HALF ADDER AND FULL ADDER 
In computer circuit arithmetic section has different circuits like adder, subtractor, 


multiplier, integrator etc. The gate circuit performs all these mathematical operations. 
Here let us design and study a basic circuit of a two-nibble adder circuit. A Four-bit 
addition requires one half adder for two bit addition of LSB column and three full adders 


for next column six-bit addition. 


Where 1 binary digit = 1 bit, 4 bits = 1 Nibble and 1 byte =8 Bits 

r LSB column addition. We know the 
circuit can be designed by 
utputs, this 


table only fo 
the truth table. Now the 
d the sum output. Refer the sum 0 


Half Adder: It can add two bits, sui 
tules of two-bit addition as shown in 
observing the truth table, the carry output an 


and refer the & 
1m 


ra - sat 
is nothing but wn FX-OR ae 
circuit diagram is shown tigu 


Holean wen 
CAREY =A Fa i) SUM = 4 eis 
R 
A #8 ! 
Ses | Aa I 
—i_/ Cory 
HA | 
i \ aap 
1 Sa 
ae of “Suv 
Sum 
Fig. (2.10) Hal Adder Syniko, 


Fall Adder : In the higher columns, there may be u carry from LSB column or grevieus 
column. Thowe-bit addiion is required which full adder can perform. The full adder 
cirewit can be designed with the help of truth whe. As shown by dotted live the vutpu: 
‘carry’ is high whea AB, BC, CA and ABC ate |. For these combinations we can conne:: 
thoes AND gates and for “sum” oviput we can connect three input EX-OR gate. 


| A ac | CARRY SUM 
4 0 aes” rae 
6 1 
0 


ABC 


—-—re ee owrseoes 


SJ” 


Fis. (2.11) Full Adder 


ee 

Booman equations 1) CARRY = AB4EC+ AC (isin aman an rc 
x ae -7 AC ¢ : 

u} SUM = ASR aC Refer ¢ cmcies in teuth table) 


A&A #B 
co i. 
a 
——- 
| 
$ 


Symbol uf [ull adder . 


é 


Binary Adder (Block Diagram) 
The twy 4 bit number addinun can be pesformed by conaceting ane half adder ead tares 
full adders, 25 Mlustruted in fie12.12). 


3 


& + —_e_—_—_—_—sF -— 


FL 


C3 


[=e « 


Cunsider the twe numbers 


Ay Aa Ay Aq tui 

+ B; B, 8; Be suidt 
Cy C: C1 Co — 
loole 


S: S: S: Ss. S; 


rare ae ae gute, if its one input is kept high and the othe input ts mule yariable 


( er) Tt we 1 (ter orsiarr A = tien > u owen = 1 en Y = q as 
‘ - f 7 y | o n A = =i) 
b n it orks a an hve . © -_ id 
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_ a = 
howe in MEU. [nue FX-OR gare cant be sed tg find one 
fe, Ag snc! bs making y commen high taput, t 
ut [: ' ° lie Pa 
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sbawn ip the ture 
complement at the tap 


Fig, (2.13) EX - OR controlled Inverter 


Note frat when the compton signal is low to ihis circuit then the EX-OR circuit oupu 
does not change it is ABCD only. The commoa line can be used_as_4 control so thi 
whea the {ine is Juw it sends ABCD and when it is high it sends AB CD 


ADDERSUB TRACTOR 

Let us conaect a circuit wilh EX-OR gules to perform addition as well as subiractuou ' 
using « Oxon hurdwure. Fig. (2.14) shows a 2's complement subtruction by using KX- 
OR inverter circuit by using 4 control signal “SUB”, 


f. B, A, B, A, H, A, B 


Fg. (2.14) Adder/Subtractor 
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. When SUB = ® chest —_— —_— — 

1 O the circuit verton ee ey ee 
(AwAaAnAD + ByBiB. Bol The BRCOR lddition by usual rwathod 

change. wea sends datz without any 


ii) When SUB = 1 the circuit performs subr 
As shown in fig (2.14) E 
siete maT and oS subtraction. Refer the circuit. the FX-OR circuit will 

; sc 1 

Jn ihe onmiplement of B5,B2,B Boyan | iy added to the first full udder when 


pe ration by 2's Comoterment riethued, 
) Lircult generates 2's complement of 


SOLYED PROBLEMS 


1, Write the Boolean equation for vulput X and write the truth table for it. Name gates 
used. 


r) —f —_— Solution: As shown wn the 
a | diagranis ry to nic outgut 
—~ x of cach pate. Equatron is 
cLY/ —_—. 
— X= (NSB) (NB) 
\ = (A+B) + (A+B) 
44 = - 
/ 
Gate 1 OR 4 NAND inverter 
2 AND 3 NAND 
3 NOT 
= \ : 
_— L__—> ) , 


= {— RUS 
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“ad NAND can be replaced by bubbled OR py, 


pre tht ply * ———_ 
Solutivd 3 —_ : benaie ‘cun be simphtied by a two bubbles Psa Wf, QU STO = 185 
hicozam ies ou The rest or the crcuit results in RH CMe, 4 | 4, Selevt the currect altematives ES ————— 
yoTes ase 


; Th iy The output of the NOR gate is hi dioica 
2 | ae [ 


a) all its inputs are Jugh UJ all its inputs are low 
- 4 )- ©) AY one of its inputs is tigh 


_ | , TH i) It is desired to have outaut 1 when the Iwo inputs of an electoniy gute, arc 


J : _ equal. The gate oue must use will he,, 

i, a) NAND bi AND Sheets OR W)} Lxctasive OR 

iti) If the input to BX-OR gate is A> | und B= X then Yis 
al 0 pix 1X 

iv) When all inputs are low oaly then ov is low this js the logic of 
AOR pale bi AND gate 2)BX-OR gate 


Dany one of its inputs is tow 


3, Draw die logic diagram using gules fur the following equution 


y= ‘A.D! an -B} 
Solulios : Simplifying the equation V ={5).(P) 
Where § = 1A. BY and P=(A +R) 


—s ¥) The half adder is a logic cirenit which cua add ........ hits 
. : ) 
| —_— aS | a2 bs 4 a4 


| - | vi) In... if AST, B= C then output Y =C 
7 e/ * , 


| aJNOR gate sb) OR gute cIEX-OR gate J) AND gute 
— 
? i, 5 =p- in the viver. curcint uf A=! and B=! ther » =.. 
AB a}l byl c) Or | 
itl esenls ....par 
4. Find the Boolean equati - vant) a en Poa rept § 2.3 7 
a uation for the yiven fogic diagrams w) OR bi NOR cNOT 


ti r So + ia) How mauty NAND gates are required to form AND gate 
) _ a) | bi3 ¢)2 | 
— zi . the Boolean equation for the given cHrcutt Is. --- 
| w Y=AGB by Y= A@B ch Y=A6B 7 
W y the Boolean eguanen for the given creurt is--.- 
_ ro A )Y=A.B 
ay Y= A.B pYy= A.B ¢ 


fai) Y = (A+ Bt® 
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xii) The output of the given logic circuit is 
“E> 
a) 1 b) 0 c)A 
Ans: =— 
i) if all inputs are low ii) EX-OR __iii)X iv) ORGate v)2 
vi) AND Gate vii) 1 viii) OR ix)2x) Y= A@Bxi) Y= A.B xii) | 
z, Explain the basic gates with definition, symbol and truth table. 
3. Write the truth table for NOT, NOR and AND gate. 
4. Construct an AND, NOT and NOR gate by using NAND gate only 
5. Draw the logical diagram for the following expression Y = ( A + B) ® ( A.B) 
where A and B are inputs and Y is the output. 
6. How inclusive OR gate differs from Exclusive OR gate. Draw symbols and write 


truth tables. 

1 i Explain half adder with its truth table. 
Explain odd/even parity checking by EX-OR gate. 
State and prove De-Morgan’s theorems. 


10. Give the difference between half-adder and full adder. Draw the diagram of full- 
adder. Write their truth tables. 


11. Why NAND gate is called as universal building block. Explain with constructions 
12. Drawa circuit diagram of 4-bit adder/subtractor circuit and explain its working. 


13. Prove thata) A. B=A+B b) A+B=AB 
14. Draw the circuit diagram of controlled inverter and explain. 
15. Write the truth table of OR gate using negative logic. 


16. Find Boolean equation and Truth table for given circuit. 
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COMBINATIONAL CIRCUITS 


After studying the logic gates, their truth tables and Boolean equations one can 
understand how these basic digital components are useful while designing different logic 
circuits like half adder. In addition to simple logic circuits there is a family of some other 
combinational logic circuits such as multiplexer, demultiplexer, encoder etc. This topic 
explains these logic circuits by combining different logic circuits hence called 
combinational logic circuits. These combinational circuits are now available in the form 
of integrated circuits reducing the size and cost of the system. Basically digital circuits 
can be grouped in to two - combinational circuits and sequential circuits. 


2.5 MULTIPLEXERS 

The multiplexer is a typical combinational circuit widely used to connect many sources to 
one common line to make the system simple, economic and using a single line instead of 
using separate line for each input source. Multiplexing is the process of connecting many 
inputs to one output it is a “many into one” process with appropriate logic control 
signals. Multiplexer is also known as data selector circuit since it accepts more than one 
inputs and connects only one of them at a time to the output. 

Multiplexer is a basic block or basic logic combinational circuit with 

i) ‘n’ input data lines .ii)‘m’ control lines / selector lines 

ili) one output line ‘Y’ 

Fig (2.15) illustrates its analogy with a rotary switch to connect its pole to ‘n’ inputs and 
a block diagram of a multiplexer with required lines. 


m Control/Select Lines 


Do 

D1 

p2 (Output) 
D3 

On 


Rotary Switch 


Fig.(2.15) Concept of Multiplexing 


Consider a rotary switch as shown in fig (2.15) its output can be connected to either of ‘n’ 
"umber of inputs just by selecting proper position, it 1s a manual switch we need 
“lectronic circuit and it is multiplexer simply called as “MUX . It has n’ input data lines 
(Dy-D,.1) and ‘m’ ( S3 S2 S$; So ) control lines. For selecting one . a : ge to the 
°utput of MUX it requires minimum ‘m’ lines ‘m’ can be calculated by using an 


Cduati 
quation, 2™ =n ......(formula) 
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to design a 4:1 multiplexer 4 input lines 2 control lines are required because 


For instance, its to understand its working and 


n=4,2™=4, m =2. Let us see typical MUX circu 
applications. 


i) 4: 1 Multiplexer . 
As stated earlier, it has 4 input lines (Do, D;, D2, D3) two control lines (S; So) (called 
select lines) and one output denoted by ‘Y’. It is very similar to a single pole 4-way 
switch the pole can be connected to any of these 4 inputs with control signal of selecting 


the position of the switch. Refer fig (2.15). 
Sl SO 


DO 


Truth Table 


D3 


Fig.(2.16) 4 to 1 Multiplexer 
Fig. (2.16) also shows a similar arrangement but using an electronic circuit; it is a 
combination of logic gates but designed to select any one of the 4 inputs and not operated 
manually. 


Working: 
1) When the control word is 0 0 (S)=0 and So=0) it selects the first AND gate with input 
line Do refer figure and the first AND gate connections, the input to this gate is Do,1,1. 
Do is the first input, inverted S, as the second and inverted Sp is the third input. If you 
trace a AND gates control signal to these AND will make them disable. The final OR 
gate will connect the output of the first AND gate to the output (Y ically it c: be 
Stated as when S, Sy = 00 then Y = Dy ee aageallaeee 

i) When (S,=0 and Sy=1) trace the circuit the second AND gate is enabled and it will 


connect DI to the output. This is lo ically stated ; 
iii) When control word S: So= 10 a Y. D2 me enrol so = 0) Theis a 


iv) In this way when S, So = 11 then Y = D; 
Note that at any instant Only one 


: AND is enabl! i 
“ ia € 4 fine 
transmission to the common output line pew Allowine only one: data 
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6 DEMULTIPLEXERS 


De-multiplexing is an opposite process to a multiplexing process it performs “one to 
many” operation. It has only one input (D) and ‘n’ number of outputs (Y0,Y2, Y3..Yn-1) 
Demultiplexer accepts one input and can distribute it to several outputs the select code or 


control word determines to which output the input is connected. Demultiplexer can also 
be used as a decoder e.g. binary to decimal decoder. 


Multiplexer 


| Demultiplexer | 
| i)Itis known as MUX 


i)It is DEMUX 


| ii) Multiplexing means many to one 


' tii) Logic Symbol 


i1)It means one to many 


iii) | Logic Symbol 


au ol 


DEMUN | 


iv) It can be used as a decoder 
e.g. IC 74156, 74155 


v) Since it has many outputs OR gate is 
absent 


| iv) It cannot be used as a decoder. 
| e.g. IC 74153, 74157 
v) It requires OR gate in the O/P 


1 TO 4 Demultiplexer 
1 to 4 DEMUX has | input (D), which can be connected to four outputs (Yo, Y1, ¥Y2, Y3) 
but one at a time. The output is selected by a control word or code present on the select 


lines as explained earlier since n = 4 and 2" = 4, the number of select lines must be two 
SO and SJ. Fig (2.17) shows its logic symbol and circuit diagram. 


Working 


Select logically the data input (D) is to be connected either of four outputs. The desired 
output is decided by control word given by means of select lines. When both SO and S1 
are low (SQ=0 and S1=0) it will make SO=1 and §1=1 and this will make the first AND 
gate enable. . 
The data input will appear on the output YO. In this way 

Y1 can be selected by making 51=0 and SO=1, 

Y2 can be selected by making S1=1! and SO=0, 

Y3 can be selected by making S!=1 and SO=1, 
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Fig.(2.17) 1 to 4 De-multiplexer 
Truth table 


Now you can try to draw the circuits of 1 to 8 and 1 to 16 Demultiplexer. 


2.6 ENCODERS 

A digital circuit like calculator is having input numbers from 0 to 9 expressed as common 
inputs but calculator is a digital circuit it accepts only binary code in order to process the 
data. Internally, it uses an encoder circuit to convert decimal number into binary code to 
understand the machine that which number is pressed. The next number is also converted 
into its binary code and these two data are processed, suppose addition in this process the 
machine performs addition by an adder circuit as explained in the last chapter by binary 
adder. The output of binary adder is a binary code so it cannot be displayed directly. It is 
converted back to decimal number and displayed by using a display like 7- segment 
display. The circuit that converts binary code into decimal number is called decoder. In 
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BCD Encoder 

An encoder 1s a combinational circuit that converts a standard input into a coded signal. 
The BCD encoder thus converts a decimal number into BCD code. It uses ten switches 
representing numbers 0 to 9 just like a calculator keypad. When a particular decimal 
number is pressed by operating its switch it connects high voltage signal (+5V) to the 
corresponding OR gates it automatically generates its equivalent BCD code. 

For instance, when ‘0’ is pressed refer fig. (2.18) it is kept open from the OR gate circuit 
the output of encoder will be ABCD = 0000. When switch ‘ 3’ is pressed the C and D 
OR gates have high inputs; therefore the output of encoder is ABCD = OOL I. 


0011 


| 0100 


BCD output 


+ 


Un | 


0110 


LEE EERE EE 


Truth Table 


(MSB) A B cD (SB) 


Fig.(2.18) Decimal to BCD Encoder 
2.7 DECODERS 
It is a combinational logic circuit that converts encoded signal back to its original form. 
For instance, BCD converts BCD code into decimal number. The decoder circuit 
performs exactly reverse function; it accepts coded inputs and generates the desired 
Standard output, refer fig. it shows logic symbols of decimal to BCD encoder and BCD to 


decimal decoder. 


Decirna 
input 
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isla pesca of BCD to decimal decoder is nothing but the circuit of 


; 1 fj 

demultiplexer refer fig. and compare it with BCD to decimal see af — i 
519 "The select lines of demultiplexer can be used as BCD inpu : sean ire 

‘a : moved from the demultiplexer circuit the outputs are many pee = = - 
agrees ts are there. This circuit is called as 1 of 10 decoder because only one ¢ — 

strat ica high. If the output is active low this can be obtained by replacing 

gates by NAND gates. 


Fig.(2.19)BCD to Decimal Decoder 


Working 


When BCD input is DCBA = 0000 the first AND gate input is 1111 it enables this AND 
gate and makes YO= © 
i) When BCD input is DCBA = 0001 tra 
be enabled and will produce Y1 = 1. 
il) In this way each BCD input 
1001 it is equivalent to [Jon 


ce the fig (2.19) the second AND will 


produces only one output high when DCBA = 
Ow the output Y9 will be high, 

THE IC 7446/7447 

There are many decoder IC’s available the [C7446 is very common BCD to decimal 
decoder IC basically it is a driver IC because it drives a digital display like LED 7 
segment display. IC 7446 hence called as BCD to 7 segment decoder / driver, It has four 


segments). Figure 
display. The truth table for IC 
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7446/7447 illustrating its driving idea by producing low outputs for a common anode 7- 
segment display likes FNDS507. 


Truth Table: H = high/logicl L =low/losic 0 


ABCD |a b c dee of g 
nN 
J 


0000 L L L L L L H 


of DEE 
‘4 
a 
j 


ee 
0011 
0100 
‘0101 


0110 


A common anode 7 segment LED display is a matrix display having 7 LED’s 
4b,c,d,e,f and g. Each LED anode is connected to a common +ve line but the cathode of 
ach LED is driven by IC 7446 as the cathode of each LED is driven by 1C7 P46 we oan: 
in fig (2.20). For instance, when BCD input to IC7446 is ABCD = O001 it generates low 
Utput for the pin 12 (segment b) and pin 11 (segment c) so that these two LEDs glow 
and displays the number ‘1’ because these two LEDs become forward biased. When 
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BCD input to IC7446 is ABCD = (000 it drives the segments a to f except 


displays 0. g and 


+Vcc 
a 
b 
a IC 7446 : 
B OR C 
c 1C7447 el |{° ” 
D Decoder a x 
|  FND 507 
LED Display 
Fig.(2.20) 
FLIP-FLOPS AND COUNTERS 


A counter is one of the most useful subsystems. Most of the complex digital system 
contains several counters and register circuits. A number of counters and register circuits 
can be designed as per requirement. The basic building block of a counter and register is 
the flip-flop circuit. A counter has input in the form of a chain of pulses. Counters also 
perform other jobs like dividing the frequency; addressing and can serve as a memory 
unit. In this topic we shall discuss the various types of flip-flops counters and registers 
in detail. 

Flip-Flop is a bistable multivibrator known as ‘latch’, where it plays an important role in 
digital circuits such as registers, counters and memory circuits. As we have studied the 
gates and their different logic circuits it is very essential to know about different flip-flop 
circuits and their applications. The flip-flop can be easily constructed by using gates it 
acts as a memory element which can be operated in ‘I’ state known as “set” or “flip” and 
the other state can be “0” state known as “reset” or “flop” 

Flip-flop has two inputs and two outputs; there are three basic circuits 


(1) R-S Flip-flop 
(2) D-Flip flop 
(3)  J-K Flip-flop (M/S J-K and T Flip-flop) 


(1) R-S Flip-Flop 
It is the basic circuit, which requires for constructing the other flip-flop circuits. It has 


two inputs ‘S’ and ‘R’ and two outputs denoted by ‘Q’ and ‘Q’ where Q is called normal 
output and Q is called as complementary output. 
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Truth Table Symbol 
A 


2. R-S FLIP-FLOP USING GATES 

Due to integrated circuit technology the flip-flop can be fabricated in the form of gates. 
Fig. (5.1) shows a NOR R-S flip-flop with its truth table/ 

Since NOR and NAND are building blocks, the working of a gate circuit can be 
explained with their ‘disable’ and ‘enable’ state. In gate flip-flop circuit two gates are 
cross-coupled to latch each other. 


+ Vec Disable state - Refer NOR gate truth table. When 


one of the inputs is known and if it is high orl, 
50 without knowing the other input we can determine 
x its Output and it is zero. Hence when one of the 


inputs to NOR gate is | it is ‘disabled’ its output is 
zero, irrespective of the other input. 


Enable State - When either of inputs of NAND is known and if it is zero its output must 
be high, it is said that the gate is ‘enabled’, 


X _ whatever may be the other input, the output 

_ remains high. Refer NAND gate truth table. 

can ED on The gate is enabled when either of inputs of 
= NAND is zero. 


Working of NOR Flip-Flop 


Case 1: When S = 0 and R = 0, the flip-flop will not change its state, it will remain 
"the last state hence it is known as “No Change” (N/C) condition. 


Case 2: When § = 0 and R=! then the upper NOR gate is disabled which wil] 
produce Q = 0, now refer the circuit diagram the input to lower NOR gate 
becomes (Q = 0, S = 9) which will produce Q = I this condition is known as 
“Reset”. These outputs will latch each other NOR, 
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Truth table: 


Fig. (2.21) R-S Flip-Flop using NOR 


Case 3: When S = 1, R =0 then the lower NOR gate is disabled which will 
produce Q = 0, now the input to upper NOR gate becomes ( Q = 0, R = 0) which 
will produce Q = 1 this condition is knows as “Set” condition and then the circuit 
is latched. 

Case 4: When S = | and R = | then according to disable state of NOR, both the 
gates are disabled but practically there is a race between the two NOR gates. In 
this situation we cannot determine the output state it may be set or reset hence this 
unpredictable state is known as “Race” or forbidden state. 


ae ae Ed 
eae ea TW 
ae: ae ee 


Q 


Fig. (2.22) R-S Flip-Flop Using NAND 


The working of NAND R-S flip-flop can be explained in similar way, 
state into consideration. The output for the last state when § = 1 and R = 1, in this case 
there a be a and when S = 0 and R = 0 both NAND gates will try to become Enable 
that is “Race’ this is the main difference between NOR d -S flip-flop as 
shown in the truth table fig, (2.22). eo eenrshe Nee 


by taking ‘Enable’ 


Clocked R-S Flip-Flop 
The above circuits are theoretical circuits the 


y ansmit inputs to the output without 20) 
control. Practically, a control input is conne . - 


cted in addition to ( R ) and ( § ) inputs © 
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®perate the flip flop in synchronisation with the main circuit. The whole system is 


Operated with a common contro] signal known as “CLOCK”. Fig. (2.23) shows a clocked 
R-S flip-flop and its truth table. 


NIC NIC R Q 
N/C NIC yp 
| 0 . Q 
0 i 
Circuit Race Symbol 


Truth table 
Fig. (2.23) Clocked R-S Flip Flop (using NOR gates) 


Refer the truth table the flip-flop is enabled only when the clock is high. If the clock is 
low or 0 the flip-flop is inactive the circuit remains in the last state or N/C. 

When the CLK is absent or low both AND gates are disabled hence there is no input to 
the internal R-S flip-flop thus ‘No Change’ in the output or N/C. When the clock is low 
the output of the flip-flop remains in its last state irrespective of R and §S, it is indicated as 
X where X is known as “don't care” condition. 


5.3 CLOCKED D FLIP-FLOP (DELAY FLIP-FLOP) 


The D flip-flop can be derived from R-S flip-flop. The R-S flip-flop has two drawbacks: 
i) it requires two separate inputs ‘S’ and ‘R’ 7 
ii) the possibility of forbidden or race condition. 


These drawbacks are eliminated in D flip-flop; this flip-flop needs a single data input ‘D’. 
Fig. (2.24) shows a logic diagram of D flip-flop and its truth table. 


Fig. (2.24) D Flip-Flop 


When D = | and S = 1 and Q becomes I. 
When he 0 due to inverter R becomes high, we get low output Q = 0). 
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Fig. (2.25) Clocked D Flip-Flop 


Fig (2.25) shows a circuit diagram to build D Flip-Flop using NOR R-S flip flop. 

When the CLK = | and D = | the upper AND gate enables the R-S flip-flop, we 
get Q= 1 and Q=0. When the CLK = | and D = 0 it resets the R-S flip-flop. In this way 
D flip-flop is operated with CLK. The D flip-flops are used in Register circuits ring 
counters as explained in later topics. 


5.4 J-K FLIP-FLOP (JUMP and KEY Flip-Flop) 

This flip-flop plays very important role in electronic counter circuits. It also requires R-S 
flip-flop to build the J-K flip-flop. Consider the last condition when J=1 and K=1 it gives 
an important output known as “toggle” where toggle means, “Change to opposite state’. 
When the J-K flip flop is in toggle state its output changes to the opposite state at every 
clock input pulse. Fig (2.26) shows its logical circuit diagram and truth table. The circuit 
diagram does not show the circuit of R-S flip flop. 


N/C N/C 


N/C N/C 


. ___ Fig. (2.26) J-K Flip-Flop 
. When J-K flip-flop is in toggle condition (J = 1 and K = 1) and suppose the last 
state is Q=Oand Q=1 then at the first clock (refer circuit diagram) CLK = 1, J = 1 due 
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. Bee inputs to the upper AND gate is 111, Its output goes high which will set the flip- 
<P and now output Is Q= | and Q = 0 which is the opposite state (the lower AND gate 
1S ( disabled. ). Similarly when the next clock arises then the output will change to Q=0 and 
7 er a this way the flip-flop is toggled, AND gates are disabled alternately. When J-K 

Ip-Top Is used in counter circuits it is operated with edge-triggered clock. It is positive 
edge or negative edge triggered type. Fig (2.27) shows the symbol of J-K flip flop with 
other ter minals. Edge triggering technique is preferred to avoid false triggering it can be 
obtained by using a R-C differentiator circuit in series with clock. 


+ve edge -ve edge 


, Bubb 
+ve edge triggered , -ve edge triggered 
Fig. (2.27) 


In the positive edge triggered type flip-flop the output changes at the rising edge of the 
clock signal or when it changes from 0 to 1. In the negative edge triggered type flip-flop 
the output changes at the falling edge of the clock signal or when it changes from | to 0. 

The symbol of J-K flip flop also shows two additional inputs known as PR and CR, 
where PR stands for PRESET and CR for CLEAR. The CLEAR terminal is used to make 
output low (Q = 0) independent of J, K and the clock. CLEAR is generally used to make 
counter clear i.e. 0000 like a calculator ‘CR’ button. The PRESET is used to set the 


Counter to 1111 like down counter. 


Circuit with CR and PR facility 
Preset 


4p 
al Se 


Fig.(2.28) 
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2.8 COUNTERS 
An electronic digital counter is a flip-flop circuit capable of counting the number of clock 
pulses applied to it. It produces binary output in sequence. The total number of states 
produced by a counter is denoted by ‘M’ it specifies modulus-of counter. The required 
number of flip-flops can be calculated by a formula 

Mod of counter = 2” or M = 2” 


Where n = no. of flip-flops. For example; for mod-16 counter 2" = 16 (n = 4) 
four flip-flops are required. There are two types counter circuits such as 


1) 4-BIT BINARY COUNTER (MOD-16) 

One of the most important applications of the flip-flop is counter. Flip-flops can 
be connected to get an electronic counter. Counter is a circuit, which can be used to 
count the number of pulses, given to its input. There are a number of counter circuits 
like, synchronous counter, asynchronous counter, Ring counter, down counter etc. Let us 
discuss a 4-bit binary counter, which can count, input pulse in form of 4-bit binary 
number. If we design a counter to count from binary least number 0 0 0 0 to maximum 
1111, we need a circuit that has 16 different states known as modulus of a counter. For 
4-bit binary counter it needs 16 output states, hence it is a (modulus) mod-16 counter. If 
the number of output states is 3 it is mod-3, if 7 then mod-7 & so on. 


CR 


Fig. (2.29) 4-bit Asynchronous Counter 

Fig. (2.29) shows a 4-bit binary asynchronous counter. It consists of four JK flip-flops 
(A, B, C, D,) cascaded and connected in toggle condition (J = K = high). The input is 
square wave; it is a clock to the flip-flop A. All the flip-flops are negative-edge triggered 
hence each flip-flop will change its state at negative edge of the clock. Refer fig. (2.29) 
the symbol of the clock . The outputs Qs, Q2, Qi, Qo give binary output. From the flip- 
flop B to flip-flop D the clock of these flip-flops is nothing but the output of previous 
flip-flop. For e.g. output Q) is the clock to the flip-flop C. The timing diagram of this 
counter is shown in fig. (2.30). Since the counter is incremented from 0000 to 11111 this 
is known as UP counter. 
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Working 
Assume the outputs are cleared to 0 0 0 0 by using the ‘CR’ switch, and then the switch is 
released. 


I. 


As clock pulse 1 arrives at the clock terminal of the flip-flop A, its output goes 
high or 1 at the negative edge of the first CLK pulse, hence the output Qo goes 
from 0 to 1 which is the positive edge. This transition is the clock to the next flip- 
flop B, this will remain in the same state. Thus the flip-flop B, C, D, will show 
the output 000 and the output of the counter Q3, Qo, Q:, Qo is 000 1. 


Now at the second clock pulse see the timing diagram, at the negative edge of 
this second pulse the flip-flop A will change its state from 1 to 0 which is the 
negative edge therefore the flip-flop B will change its state from 0 to 1, but it is a 
positive edge to the next flip-flop and hence no further change. The binary output 
will be 0010. In this way each flip-fiop will change its state at the negative edge 


of its clock pulse. The counter is incremented up-to 1111 and at 17" pulse it 
returns to its initial state 0000. 


CLK 


Q 


Q, 


Q: 


Q 


Fig. (2.30) Timing Diagram of 4-bit binary counter 


The method to draw the output waveform of each flip-flop is 


) First draw 16 input pulses. 


li) Mark a negative edge of each pulse with an arrow. 

li) Change the state 0 to 1 and 1 to 0 at each negative edge. This will be the output of 
_ flip-flop A. 

iV) Mark negative edges of this output and draw waveforms for flip-flop B and then for 
C&D .Now observe the outputs Q3, Q2, QI, QO at any input clock pulse. 
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In fig. (2.30) pulse no. 8, 16 are illustrated, at pulse number 8 the output is Q;Q2Q;Qp -! 

0 0 0 which is equivalent of decimal 8 & at 16 ‘ pulse each flip-flop goes to 0 state known 

as counter is in reset condition. 

The truth table shows the binary counting which counts input pulses from 0000 to 1111] 

and at 16" pulse it goes to 0 0 00, again at 17" pulse it starts from 0001 and cycle 


continues. 


Truth Table: 
[Pulse QO: QQ Qe 

0 0 0 0 

1 0 0 0 | 

2 0 0 I 0 

6 0 l 1 0 

7 0 ] l I 

8 l 0 0 0 

9 l 0 0) l 

10 ] 0 l 0 
l 0 ] l 
| I 0 0 
l l 0 | 
1 l | 0 
] I l ] 
0 0 0 O Reset 
0 0 0 1 Recounting 


This 4-bit binary counter is called as a ripple and asynchronous counter, which means 
that all flip-flops do not trigger at the same time. Trigger flows through flip-flops like a 
ripple on water. 
The total number of counts or states through which the counter can progress is given by 
2" where n is the total number of flip-flops. The maximum decimal number of a counter 
is given by (2") — 1. 

For e.g. for 4-bit binary counter n = 4 flip-flops 

.No. of output states 2" = 16i.e. 0000 to 1111 

And Maximum decimal count a(2)-1 =27—] 
15 verify this in truth table. 


2) DECADE COUNTER (MOD - 10) 

The binary counter discussed here is suited for computer use only. However, they are 
inconvenient to use, because we use decimal numbers from 0 to 9. In a 4-bit binary 
counter there are 16 counts. To convert this binary counter into = ecaile counter OF 
decimal counter, suitable modification is done with feedback. 
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Fig. (2.31) A Modified decade Counter 


Decade Counter is the counter 
counter, most of the decade e 
resets Co zero. Fig, (2.31) sh 
with some modification i.e. 
modulus of 10 counter. 


that has 10 different output states. In fact, it is a BCD 
ounters use 8421 codes, it counts from 0000 to 1001, then it 
Ows a modified decade counter which is 4-bit binary counter 
feedback with gating circuit known as MOD —- 10 counter or 


Working 


The comparison between 4 — bit binary and decade counter is, the output Q; and Q; are 

given to AND gate to get CLR pulse at 10" count. Because at 10 pulse the output 

would be Q3 Q> Q, Qu 
1 0 1 0 


Fig. (2.32) Timing Diagram of Decade Counter 


. it bi ounter from pulse | to 9 between 

al way as in 4-bit binary ¢ heacuae: 

The an pitt ae the ‘ai diagram during these ape a Ps nt ok se ne 

to pe mis di led, it will not give CLR signal to the Ise the output of 
\ "nat AND gate is disabled, AND gate is disabled but at 10” pulse P 


Sn ne ake ait 0 satis will make AND gate enable and a high CLR pulse will 
nter would be 
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reset the flip-flops to 0000. The truth table for decade counter shows the counting and 
fig. (2.32) shows the timing diagram. | 
Truth Table 


Qo 


1 Restart 


This counter may be called as divided by 10 circuits; it gives a 1, high CLR pulse after 10 
pulses. Now in industry the standard IC available is ‘7490’ it is a decade counter IC and 
a standard decoder/driver 7447, which drives the display in response to 7490. If we 
cascade a counter with decoder and display, a decimal display for 2 digits, 3 digits is 
possible. 


2.9 SHIFT REGISTERS 

A Register is a group of flip-flops used to store or rotate the data. The shift register 
rotates the bits for certain arithmetic operations. It is either shift left or shift nght register 
it uses D flip-flops as explained below. 


i) Shift Left Register 
Fig.(2.33) shows a shift left register prepared by cascading four D flip-flops. As show? 
D;, sets up the right flip-flop, Qo sets up Qi, Q: sets up the third and so on. The flip-flops 


are +ve edge triggered type so at the +ve edge of the clock the Din move one bil left. 
refer its timing diagram fig.(2.34a) . 


Din 


Sut 


Fig. (2.33) Shift-Left Register 
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the first +ve edge of the clock it is 
ifted to left by the first D flip-flop the other remains unaltered the register output is 
. Qo is transferred to its left the output is 0011 by second D 
jip-flop. The third +ve clock results in 0111 and at fourth 1111. 


es oe — See 
Q ae Q, eel 
(a) Fig.(2.34) Timing diagram of shift registers  (b) 


ii) Shift-Right Register 


This is an Opposite process of shifting the data refer fig.(2.35) this time din is given to Ds, 
Q; to D2, Qo to D, and so on. The circuit action is very similar to the shift-left register 
only the data movement is from left to right as shown in its timing diagram fig.(2.34 b). 


Fig.(2.35) Shift Right Register 


QUESTIONS 


1. Select the correct answer. 


| i) The circuit which has many inputs and one output is 


a) Multiplexer b) Demultiplexer c) Encoder 
ii) The 1:16 demultiplexer can be designed with 
a)2 b)4 c)16 


wntaea select lines. 
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119) Which of the following cirruit can be used a3 der ier 


at MEX b} DEMUX = ¢} Bnecdet 

iv) Tn R-S flip flop using NOR if R=tand S=1uien QS = 
vaNC h) Race a 

vi £32 demultiplexer can be designed with »--- grlegt lines. 
ap 2, b} 5. ch lh d} #2 


vi) The largest birewy aumber counted by a cascated Nip Mops hes a Cccinial 
equivalent ol 
ay 24? bh) 2” 
vii) An cleewrone decade counter has. .... 
a) 9 outpul states) 27 output sates ) 


din? 


vel 
{U output states d} 2 uetgut 
states. 


viii) ‘The maxim binery number couated 
ab Q10l b) 1OLO oy 10m dil iB 


ix! Flip-tlop is another name for a, ..--. 
a) Bistalle multivibrator b> Astadle 


by 1 bt Dinawy COKNECT IS... 


multivibrator =) bGnustabl> 


maultivilyacor 

x) In JK flip-flop when J = | and K=1 the autputts ..---. 
ai) Ruce bh) NAC ec) toggled di high 

ti) In JK fliptlup when J > 1, K =O and CR = | the output 15 
aw bi | ch NIC <) Race 

xii! In a prictity encoder, if decimal inputs 3 and 6 are acuvated at the sae 

ume, te BCD outpul curesponds tn ...... 

al6 bi ci 6 &3 alternatively 
i) Muttiplexer i}4 iii) DEMUX fs} Race v)S vip 2") 


vil) WA eurpor states Vi LITT ox) Bistable Multieibrator %) toggled s'! 9 


xii) 6 
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2. What are the basic coygisements of a multiplexer? 


ye ' 
aw ; Neal cinewit divgean of den multiplexer and explain how it selects « data line 
with the hel of cath table. 


4 What isa donut ’ , sign + 
tl yf lexer De VN ‘* } r i 
vi : . c 4 1; I “TOU Usirie sales und explain it . 


3 Write the ditfcrepoe betweea MUX and DiEMUX. 
6. Deas a rest cincnil digprany of Decima: lo BCH encoder & eapluin its workine 
2 What ts a deveder! Explain one of ten decoder 
¥. Give any one application for the following circuits 
wIMUX %) DEMUK ©) Encoxter i 
10. What is Flip flop ? State different: Spes with their symbols and truth tables 
lif Desiga a RS latch USiNg CWO input NOR Rittes and expluin its working - 
NL. Drow the cirenit of clocked RS (bp-flop anu expiuin ity working | 
12 Raplain the Working of D flip-flup with mvth table and Joric —_ 
By Dis Joric diseram ut J-K Fhp-flup anu write its truth va 
'% Compare R-S thp-flup vath D flip-flop. : 
16 Draw . ueat black diagrum of decade cengter ind CXplain at with Liming diseram 
If? Expluin 4-bie Mod-16 binary compter with tinine diagram — 
% How may flip-flops are required (y construct i 
i) Mod -3 li) Mad - 6 
18. What is Register? Explain any one type with tinuag diagrum, 


Deerler 


tii) Mad —9 counter 


’ ; a2rium, explain how will YOU tse Ict. “f a5 RUD "4 & 
dtive 7 -S¢ysr IT | 4i pl y? . A to fe ved-scvmes . decoder to 


Comers 


3. FUNCTIONAL HARDWARE OF PC 


INTRODUCTION . ; ere tium- 
In fact when we talk about a personal computer (PC) and its specifications like mek 


II, Pentium-II], S00MHz,with modem, 40GB,serial port etc. many people gies : med 
many of these terminologies and it is a difficult job. This chapter eid hi ; 
terminologies and details of hardware components to understand these PC gir ne aN 
peripherals and accessories needed to run the machine. After completing this top : 
can recognize the hardware of PC and their utilities up to certain extent. 


nes, their 


3.1 CONCEPT OF SOFTWARE AND HARDWARE 

Computer software is a set of instructions or data anything that can be stored 
electronically is software. The storage device and display devices are hardware. The 
distinction between software and hardware is sometimes confusing because they are so 
integrally linked. Clearly, when you purchase a program, you are buying software. But to 
buy the software, you need to buy the disk (hardware) on which the software is recorded 
(loaded). Software is often divided into two categories: Systems software: Includes the 
operating system and all the utilities_that enable the computer to function. Applications 
software: Includes programs that do real work for user. For example, word processors 
spreadsheet and database management systems fall under the category of applications 
software. 


3.2 PC SPECIFICATIONS 

A personal computer (PC) is a type of microcomputer capable of handling single user 
computer operations becoming very popular in the market. Fig (3.1) shows typical PC 
system. Most of the PCs are IBM PC. While purchasing a PC user must know few 


specifications to know about the computer machine and hardware specifications as a 
general knowledge. 


PC with Mini T i j 
ower Cabinet Fig. (3.1) PC with Horizontal Cabinet 
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pitas Coe, pt aga a number of applications; few of them si peed 
programming, drawing etc Ty work for various job works, playing video g 

The PC Specifications are very important. You can easily get idea of your PC machine 
such as how much Is the faster your PC? What peripherals are available with your PC? 
And how much is the latest your machine and so on. You must have heard about PC, PC- 
XT and PC-AT. These are the models; in the beginning there were PCs with very low 
speed and without hard disks. PC-XT uses the modified and extended version of PC with 
better speed XT stands for Extended Technology & now we use PC-AT where AT stands 
for Advance Technology. PC-AT started with 286, 386, 486 then Pentium, Pentium II 
etc. Now recently, we have Pentium model. All these machines are Intel products the 
286, 386 are the microprocessor specifications. Today the most advance and fastest PC is 
Pentium IV, Normally manufacturer and PC dealer specifies the following technical 
specifications, 

1) Clock frequency specifying the PC speed. 

a) Processor type specifying the Microprocessor type. 

ili) Hard Disk capacity 

iv) Floppy drive and its size 

v) Cache memory (RAM) size. 

Vi) Extended Memory (RAM) size 

vii) Serial and parallel port to connect I/O devices like printer, MODEM, mouse 

etc. 

vill) Modem, multimedia sound blaster card 

ix) UPS, TV tuner Card etc. 

x) Video monitor type 


xi) Printer Type 
Let us see two PC types and their specifications. 


[ INTEL I-3 (Latest) PC _Pentium I (OlPC 
I Aacteechnaee i am 

Intel I-3 530 | Intel Pentium 550 MHz processor | 
| (2.93 GHz,4Mb Cache) processor Intel 810 chipset mother board | 


Monitor Type: LED colour 32 MB RAM, 512 KB cache 


Screen Size Up to 19 inches | 15” SVGA Colour Monitor | 
stem Memory 2GB 1.44 MB Floppy Drive 
a ee | 8.4 GB Hard Disk | 


HDD capacity Up to 500 GB 
8.4 GB Hard Disk 

| USB Keyboard & Mouse 
SMPS Power Supply 450W 


CDROM Drive & Speaker | 
| Internal Modem, AGP Card & 

Sound Card 

IKVA UPS (Uninterrupted Power Supply) _ | 
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3.3 INSIDE PC ; 
Basically the internal hardware of a PC contains the following parts- CPU board 


(motherboard), hard disk, Power supply, various cards, adapters, connectors and drives. 
Let us study this internal functional hardware of PC. 


Motherboard . | 
A motherboard is the physical arrangement in a computer that contains the 


computer's basic circuitry and components. On the typical motherboard, the circuitry is 
imprinted or affixed to the surface of a firm planar surface and usually manufactured in a 
single step. The motherboard is the largest printed circuit board in your computer. It 
generally houses the CPU chip, the controller circuitry, the bus, and sockets for additional 
boards, which are called daughter boards. The most common motherboard design in 
desktop computers today is the AT, based on the IBM AT motherboard. A more recent 
motherboard specification, ATX-AT design. In both the AT and ATX designs, the 
computer components included in the motherboard are: 

i) The microprocessor 

1) (Optionally) coprocessors 

ii) Memory 

iv) Basic input/output system 

v) Expansion slot 


vi) Interconnecting circuitry 
Additional components can be added to a motherboard through its expansion slot. The 


electronic interface between the motherboard and the smaller boards or cards in the 
expansion slots is called the bus. In a computer, a bus is the data path on the computer's 
motherboard that interconnects the microprocessor with attachments to the motherboard 
in expansion slots (such as hard disk drives, CD-ROM drives, and graphics adapters). 


AT power 
supply Floppy Drive 


AT heybeard connectors 
and mousn Dinh IDE Drive Triton chipsnt 


eee, sockets connectors 
| | 


Leval2 
usB __ “ gache 
connectors ‘ = FE ‘i 
vo : — “A Paar = z oo , 
ws sd tance _ RRR | COAST socket 
sium : cru 
sockete ——~ RIF socket 


PCI , ef 
and ISA slots: Lithium backup battery ities a 


Fig. (3.2) A Typical Motherboard Layout 
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3.4 CPU PROPERTIES 


The performance 
Se eecoctie. stele at depends on the CPU properties. In fact it is decided by 
family like pda86 Baise a Today most of the PCs use Intel’s Microprocessor 8086 
‘1a standard f , enuum etc. The microprocessor/CPU properties are expressed 
ina slandare rormat such as follows. The important properties are 


7 oe (CPU Speed): It specifies the execution speed of CPU it is 
ic ins a5 : clock. The typical Clock frequency range of Pentium is S500 MHz to 
W ue t at of 80486 is 66MHz. It means Pentium speed is much more than 

80486 resulting in excellent performance. 


ii) Data Bus width: It specifies the word size in terms of number of lines available 
for carrying data at a time, It is 8-bit, 16 bit or 32 bit. Pentium has widest data bus it 
HS 32-bit and 16-bit for 80386. Pentium has maximum efficient word processing 
capacity. 


iii) Address Bus: It specifies the memory accessing capacity. The CPU can access a 
memory by putting address on address bus. The address bus for Pentium is 32-bit 
able to access 2°° =1Gb memory while 8085 has only 16-bit address bus. 8085 


microprocessor can access only 2 °— 64kb memory. 


iv) Serial port: It specifies whether serial communication is provided or not? Because 
peripheral may require serial data transfer. 


3.5 TYPES OF MEMORIES _ ; 
Basically Memory is a vast topic; it is very difficult to classify them. PC is accessing 


memory for data and program transactions. Depending on the volume, data type, and 
many other factors CPU has to use various types of memories. This topic explains these 


memories with their features and limitations. 


Conventional memory _ ; 
Conventional memory is the first 640Kb of memory. DOS based programs load and 


run from within the first 640Kb of memory. On DOS systems, conventional memory 

refers to the portion of memory that is available to standard DOS programs. DOS systems 

have an address space of IMB (megabyte), but the top 384K. 

A certain amount of the random access memory was reserved as a place to load in the 

basic input/output system OF initializing program, another space was reserved for buffer 

areas for display data, and another space for interrupt data, and so forth. The remaining 
could be used by the DOS operating system(which Was 


640 kilobytes of memory ¢ 
auion programs. 


relatively small), and applic 
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Expanded Memory 
Also known as EMS (Expanded Memory Specification), expanded memory is a 


technique for utilizing more than IMB (megabyte) of main memory in DOS -based 
computers. This generally must be addressed by software using the Expanded Memory 
Specification (EMS). Hence, the need for an EMS driver or some sort of software 1s to 
handle this task. The limit of IMB is built into the DOS operating system. The upper 
384K is reserved for special purposes, leaving just 640K of conventional memory for 
programs. There are several versions of EMS. The original versions, called EMS 3.0 and 
3.2, enable programs to use an additional 8MB of memory, but for data only. An 
improved version developed by AST is known as EEMS (Extended EMS). EEMS 
enables programs to use extra memory for code as well as for data. The most recent 
version of EMS is known as EMS 4.0 or LIM 4.0, LIM being the initials of the three 
companies that developed the specification: Lotus, Intel, and Microsoft. EMS 4.0 raises 


the available amount of memory to 32MB., 


Extended Memory 
Until the release of Microsoft Windows 3.0 in 1990, expanded memory was the preferred 


way to add memory to a PC. The alternative method, called extended memory, was less 
flexible and could be used only by special programs such as RAM disks. Windows 3.0 
and all later versions of Windows, however, contain an extended memory manager that 
enables programs to use extended memory without interfering with one another. In 
addition, Windows can simulate expanded memory for those programs that need it (by 


using the EMM386.EXE driver). 
In modern systems, the memory that is above | MB is used as extended memory (XMS). 


Extended memory is the most "natural" way to use memory beyond the first 
megabyte, because it can be addressed directly and efficiently. 


Physical Vs Logical memory 

Physical refers to anything related with hardware. The opposite of physical is logical or 
virtual, which describe software objects. For example, physical memory refers to the 
actual RAM chips installed in a computer. Virtual memory, on the other hand, is an 
Imaginary storage area used by programs. 


e.g. A physical data structure refers to the actual organization of data on a storage device. 
The logical data structure refers to how the information appears to a program or user. For 
example, a data file is a collection of information stored together. This is its logical 
structure. Physically, however, a file could be stored on a disk in several scattered pieces. 
Same concept is applied for memory as well. 
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Virtual memory 
ars Hy ene BOS) | area supported -by some operating systems ( for example. 
1 conjunction with the hardware. You can think of virtual 
memory as an alternate set of memory addresses. Programs use these virtual addresses 
rather than real addresses to store instructions and data. The address space represents the 
amount of memory available to a program. When the program is actually executed, the 
erted into real memory addresses. The purpose of virtual 
address space, the set of addresses a program can utilize. For 
might contain twice as many addresses as main memory. 


virtual addresses are cony 
memory is to enlarge the 
example, virtual memory 


Physical 
Memory 
Pie / oo. 
—. ™ wpe ~. 
Rye Se SS 
SY ie = ~  # 
= ! *. % oF 7 | a 
Address Ne ; Virtual Memory 
Space a 
Chip Disk Drive 


Fig.(3.3) Concept of Virtual Memory 

A program using all of virtual memory, therefore, would not be able to fit in main 
memory all at once. Nevertheless, the computer could execute such a program by copying 
into main memory those portions of the program needed at any given point during 
execution. To facilitate copying virtual memory into real memory, the operating system 
divides virtual memory into pages, each of which contains a fixed number of addresses. 
Each page is stored on a disk until it is needed. When the page is needed, the operating 
system copies it from disk to main memory, translating the virtual addresses into real 
addresses. The process of translating Virtual addresses into real addresses is called 
mapping. The copying of virtual pages from disk to main memory is known as paging or 
swapping. 


3.6 SEMICONDUCTOR MEMORIES . | . 

Semiconductor memory chips are available in various configuration their capacity 
is specified in terms of bytes c.g. IK, 32 K byte, 64 K byte, 1 M byte, |Gbyte etc. Where 
sean chip is a memory that has 1024 cells. . 

These Memories can generally be divided into two main groups and further they are 
es 
cifted i ther subgroups. 
DRAM (Random Access Memories) 
i) Static RAM ii) Dynamic RAM 
Only Memories 
B) Somes i) PROM iii) EPROM__ iv) EAPROM. 
i) Ma: 
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RAM 
RAM (Random Access Memory) is the place in a computer where the operating 


system, application programs, and data in current use are kept so that they can be quickly 
reached by the computer's processor. It is used for temporary storage. When switched 
OFF, any information stored in RAM is lost. These memories are also known as 
Read/Write memories or scratch pad. When it is required to write the binary data in to 
the memory or to read the data from the memory of any random location, similarly when 
it is required to change the data frequently then this type of memory is preferred. 

Each RAM cell is a simple bipolar or MOS flip-flop. Since the loss of power means loss 
of data, when supply becomes OFF whatever data is stored in RAM is lost, it is known as 
“volatile” memory. 

RAM is much faster to read from and write to than the other kinds of storage ina 
computer, the hard disk, floppy disk, and CD-ROM. However, the data in RAM stays 
there only as long as your computer is running. When you turn the computer OFF, RAM 
loses its data. When you turn your computer on again, your operating system and other 
files are once again loaded into RAM, usually from your hard disk. 

RAM can be compared to a person's short-term memory and the hard disk to the 
long-term memory. If RAM fills up, the processor needs to continually go to the hard 
disk to overlay old data in RAM with new, slowing down the computer's operation. 
Unlike the hard disk, which can become completely full of data so that it won't accept 
any more, RAM never runs out of memory. It keeps operating, but much more slowly 
than you may want it to. RAM is available in to types Static and Dynamic. The dynamic 
RAM is more powerful and big storage capacity consumes small power than static RAM. 


ROM 
Read Only Memory is "built-in" computer memory containing data that normally can 


only be read, not written to. ROM contains the programming that allows your computer 
to be "booted up" or regenerated each time you turn it on. A small long-life battery in 
your computer sustains the ROM. If you ever do the hardware setup procedure with your 
computer, you effectively will be writing to ROM. 


ROM (Read Only Memory) would play an important role in making computers easier to 
use. Unlike RAM (Random access memory) ROM would not lose it's contents when the 
power was turned OFF hence called as Non-Volatile. Early microcomputers lacked ROM 
memory and had to be started by entering a bootstrap program, or sometimes the whole 
program that the user would want to run, directly into the computers memory via 
switches on the front panel. ROMs enabled computers to "auto start". 

One of the most important programs stored in the ROM is the BIOS (Basic Input Output 
Sy stem). It is the program letting your application programs and the hardware interacting 
with each other. ” 
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The BIOS also contains a program called Power-On-Self-Test. This checks the 
Motherboard and other devices connected to computer during the system power on time. 
In ROM the manufacturer stores information. Once it is stored, the memory cannot be 
crased or changed. The computer can only read this memory to carryout the various 
Operations. 


PROM 

Programmable read-only memory (PROM) is read-only memory (ROM) that can 
be modified once by a user, The basic difference between ROM and PROM is, in case of 
ROM manufacturer decides the data of the memory and in case of PROM user can decide 
the data of memory by special method of programming. But once PROM is programmed 
it cannot be altered again. It can be programmed only once. This is also a nonvolatile all 
types of ROMS are nonvolatile. Special PROM programs are available but these are 
more expensive. 

PROM is a way of allowing a user to tailor a micro code program using a special 
machine called a PROM programmer. This machine supplies an clectrical current to 
specific cells in the ROM that effectively blows a fuse in them. The process is known as 
burning the PROM. Since this process leaves no margin for error, most ROM chips 
designed to be modified by users use erasable programmable read-only memory 
(EPROM) or electrically erasable programmable read-only memory (EEPROM). 


EPROM — . 
The main feature of these memories is re-programming and erasing of data is 


possible. Hence name is erasable PROMS. EPROM can be programmed number of 
times. The user can erase the data by exposing them to ultraviolet light. But the main 
difficulty in the process of erasing is the user must disconnect the memory from the main 
circuit, Another difficulty while erasing the old data if it is not erased properly then the 
User cannot correct or erase the old data after programming the new data. Also the time 


fequired for reprogramming Is comparatively more. 


EPROM (Erasable Programmable Read-Only Mornay? is emg read sly 
Memory (programmable ROM) that can be erased and apap epic a mek Py 
“Pplying an intense ultraviolet Jight through a window that oh sie a = 
Chip, Although ordinary room lighting does not contain enook a avio! e : et : nee 
Tasure, bright sunlight can cause erasure. For this reason, the window is usually 

With a label when not installed in the computer. 
‘s electrically erasable programmable read- 
different approach to a modifiable ROM is electrica 


nly memory (EEPROM). 
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EEPROM re 

EEPROM (electrically erasable programmable read-only memory) is user-modifiable 
read-only memory (ROM) that can be erased and reprogrammed ( written to) repeatedly 
through the application of higher than normal electrical voltage. Unlike EPROM chips, 
EEPROMs (E°7PROM) does not need to be removed from the computer to be modified. 
However, an EEPROM chip has to be erased and reprogrammed in its entirety, not 
selectively. It also has a limited life - that is, the number of times it can be reprogrammed 
is limited to tens or hundreds of thousands of times. In an EEPROM that is frequently 
reprogrammed while the computer is in use, the life of the EEPROM can be an important 
design consideration. 

A special form of EEPROM is flash memory, which uses normal PC voltages for 
erasure and reprogramming. 


3.7 CONTROLLER 

A device that controls the transfer of data from a computer to a peripheral device 
and vice versa. For example, disk drives, display screens, keyboards, and printers all 
require controllers. 

In personal computers, the controllers are often single chips. When you purchase 
a computer, it comes with all the necessary controllers for standard components, such as 
the display screen, keyboard, and disk drives. If you attach additional devices, however, 
you may need to insert new controllers that come on expansion boards. 

Controllers must be designed to communicate with the computer's expansion bus. 
There are three standard bus architectures for PCs -- the AT bus, PCI (Peripheral 
Component Interconnect), and SCSI. When you purchase a controller, therefore, you 
must ensure that it conforms to the bus architecture that your computer uses. 


Disk controller 


A chip and associated circuitry that is responsible for controlling a disk drive. 
There are different controllers for different interfaces. For example, an IDE interface 
requires an IDE controller and a SCSI interface requires a SCSI controller. On Macintosh 
computer systems, the disk controller is built into the motherboard. | 


A controller for a hard disk is called a h 


ard dis and % 
controller for a floppy disk is called ard disk controller (HDC), and a 


a floppy disk controller (FDC). 


Direct Memory Access (DMA) 

When a large amount of data is to 
external device, routing them through the 
transfer of data from memory to the disk d 


be transmitted between the processor and any 
processor is a very slow process.e.g. if it 1S 
rive, reading from memory and writing to the 
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external devic . 
ce vice byte by byte is a very slow process which slows down the fast I/O 


So di as 
above —— ©mory access is a method used by computer designers to overcome 
P m, for this special device called DMA Controller is placed in between 


ainsi and I/O device. So this device takes the control of system bus and bypasses 
processor completely and does data transfer between I/O devices. 


3.8 TYPES OF SYSTEM BUSES 


The components inside your computer talk to each other in various different ways. 
Most of the internal system components, including the processor, cache, memory, 
expansion cards and storage devices, talk to each other over one or more "buses". 

A bus, in computer terms, is simply a channel over which information flows 
between two or more devices (technically, a bus with only two devices on it is considered 
by some a "port" instead of a bus). A bus normally has access points, or places into which 
a device can tap to become part of the bus and devices on the bus can send to and receive 
information from other devices. 


Data and Address Buses 

Every bus is composed of two distinct parts: the data bus and the address bus. 
The data bus is what most people refer to when talking about a bus; these are the lines 
that actually carry the data being transterred. It is a bi-directional bus. 

The address bus is the set of lines that carry information about where in memory 
the data is to be transferred or from. It is a uni-directional bus CPU sends address on this 
~ In addition, there are a number of control lines that will control how the bus 
functions, and allow users of the bus to signal when data is available, 


Control Bus: ; . 

The control bus is used to send different control signals like read write signals to the 
memory, signals for serial data transmission etc. It can produce some Synchronization 
signals as well. Some control signals sent on this control bus are used to identify the type 
of device, processor wants to interact with. 


i ‘ ial Bus 
he haiatew high-speed serial interface to which you can dynamically connect and 
disconnect appliances that are automatically ESCORTIECS by the computer 
Universal Serial Bus (USB) has been around for a few years now and USB ports 
are fitted to just about every computer now. With the help of it, up to 127 devices can be 


connected on one port. 
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ISA Bus: 
Industry Standard Architecture. It allows 16 bits at a time to flow between the 


motherboard circuitry and an expansion slot card and its associated device(s). ISA runs at 
8 MHz. The ISA bus is a serious bottleneck. It is used for slow speed applications like 


modems and sound cards 


EISA Bus 
EISA is a standard (computer interconnection) architecture that extends the ISA to 


a 32-bit interface. It was developed in part as an open alternative to the proprietary Micro 
Channel Architecture (MCA). EISA data transfer can reach a peak of 33 megabytes per 


second. 


Micro Channel Architecture (MCA) Bus 

The MCA bus (also called the Micro Channel bus; MCA stands for “Micro 
Channel Architecture") was IBM's attempt to replace the ISA bus with something “bigger 
and better". When the 80386DX was introduced in the mid-80s with its 32-bit data bus, 
IBM decided to create a bus to match this width. MCA is 32 bits wide, and offers several 
significant improvements over ISA. (One of MCA's disadvantages was rather poor DMA 
controler circuitry). MCA automatically configured adapter cards, so there was no need 


to fiddle with jumpers 


VESA Local Bus (VLB) 
The first local bus to gain popularity, the VESA local bus (also called VL-Bus or 


VLB for short) was introduced in 1992. VESA stands for the Video Electronics Standards 
Association, a standards group that was formed in the late eighties to address video- 
related issues in personal computers. Indeed, the major reason for the development of 
VLB was to improve video performance in PCs, 

The VLB is a 32-bit bus, which is in a way a direct extension of the 486- 
processor/memory bus. A VLB slot is a 16-bit ISA slot with third and fourth slot 
connectors added on the end. The VLB normally runs at 32 MHz, although hi gher speeds 
are possible on some systems. Since it is an extension of the ISA bus, an ISA card can be 
used in VLB slots of a VLB video card and I/O controller greatly increases system 
performance over an ISA-only system. Today VLB is obsolete for new systems 


PCI Local Bus 

Peripheral Connection Interface through this slot you make a connection to the 
PCI bus, which is "Local" to the CPU. The PCI bus transfers data at higher speeds to and 
from the devices. PCI is 32 bits wide and runs at 33 MHz. Used for most modem 
expansion cards, like high-speed monitors, 3D graphics cards, modems etc. It is geared 
specifically to fifth- and sixth-generation systems, although the latest generation 486 
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VESA local bus, lies in the chipset that controls it. The PCI bus is controlled by special 
circuitry in the chipset that is designed to handle it. 


38 INTRODUCTION TO INTERRUPTS 

A signal informing at that an event has occurred. When a program receives an 
interrupt signal, it takes a specified action (which can be to ignore the signal). Interrupt 
signals can Cause a program to suspend itself temporarily to service the interrupt. 
Interrupt signals can come from a variety of sources. For example, every keystroke. 
generates an interrupt signal. Interrupts can also be generated by other device such as a 
printer to indicate that some event has occurred. These are called hardware interrupts. 
Interrupt signals initiated by programs are called software interrupts. A software interrupt 
is also called a trap or an exception. PCs support 256 types of software interrupts and 15 
hardware interrupts. Each type of software interrupt is associated with an interrupt 
handler -- a routine that takes control when the interrupt occurs. Routine is a section of a 
program that performs a particular task. Programs consist of module each of which 
contains one or more routines. The term routine is synonymous with procedure function, 
and subroutine). For example, when you press a key on your keyboard, this triggers a 
specific interrupt handler. The complete list of interrupts and associated interrupt 
handlers is stored in a table called the interrupt vector table which resides in the first 1 K 


of addressable memory. 
QUESTIONS 
1. Select the correct alternatives. 


a) The main system board in a PC is known as..... 
i) CPU ii) Motherboard _ iii) Controller board 


b) Conventional memory Bisicses in size. 
i)640 Kb ii) | Mb li) 32Kb 
c) An imaginary memory is known as...... memory 
i) Expanded ii) Virtual —_‘1i) conventional 
DB) sccxexee is a Volatile memory 
i) RAM ii) PROM ii) ROM 
B), cveses bus is unidirectional 
i) Data ii) Address iti) none of these 


f) MCA bus is .... wide 
i) 32-bit ji) 16-bit —_iii) none of these 


220 Functional Hardware Of PC 


__s as a non-erasable memory 
i) RAM ii) PROM _ iii) EEPROM 
h) DMA allows ...... data transfer 
i)Fastest -ii)slowest iii) none of these 


j) An interrupt generated by an external device like printer is known as....interrupt 
i) Software ii) hardware iii) trap. 


Answer: a) Motherboard b) 640 Kb c) virtual d) RAM e) Address f) 32-bit 
g) PROM h) Fastest i) hardware j) hardware 


2. State True or False: 
1) PC-AT stands for PC with Advance Technology. 
ii) Pentium has 16-bit data bus. 


ii!) The DOS based programs are always stored in conventional memory. 
iv) ROM isa_ Volatile memory. 


v) DMA increases the rate of data transfer. 


Answer: i) True ii) False iii)True iv)False v) True. 


Write the difference between Software and Hardware. 

Enlist the components and slots, which are normally assembled on a motherboard. 
What do you mean by conventional memory? 

Write the difference between physical and logical memory 


State different types of semiconductor memories and explain any two. 


oD A YD 


Explain the difference between volatile and non-volatile memories. Give one 
example. 


9. Explain different types of non-volatile memories. 
What do you mean by controller? Give suitable example. 
State different types of system bus and explain any two. 


2. Explain the concept of Interrupt. 


OOO 


4. PERIPHERAL DEVICES 


(INTRODUCTION 


Computer system mainly designed to accept input data through input device 
process it and to display or to print the results. It may be required to store this result on a 
memory. To get efficient and fast operation, CPU requires suitable input, output and 
storage devices. This chapter explains most popular and commonly used peripheral 


devices with illustrative diagrams. Since they are connected to CPU are called auxiliary 
or peripheral devices. 


41 INPUT DEVICES 


Several different devices can be used as input devices such as keyboard, floppy 
disk, magnetic disk, punched paper tape, etc. There are some devices which are used for 


both input as well as output such as floppy disk they are called Input-Output or I/O 
devices. Let us classify them according to their applications 


Keyboard (Input device) 2.Punched card (I/O device) 
Magnetic Floppy Disk (I/O device) 4.Mouse (Input device) 


Scanner (Input device) 6.VDU (Output device) 
Printer (Output device) 


Punched Card Keyboard 


—+ [vor 


Fig. (4.1) Peripheral /O devices 
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a) KEYBOARD 


It is a most common online input device like typewriter. It allows al! 
alphanumeric set 0 to 9, A to Z in small and capital form with a few control keys like 
Shift, Spacebar, Enter, etc. Keyboard is available in two main types, 

1) 84keys 2) 101 keys enhanced type 


The enhanced type is more popular keyboard with PCs. It contains additional key 
than a typewriter such as 
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a)Arrows (Home, PgUp, PgDn, End) b)Function keys (F1 to F12) 
c)Editing keys (Backspace, Delete, Insert) d)Modifier keys (Shift, Alter, Control) 
e)Enter f)Other special keys 
It converts each key enclosure into a ASCII code and then it is stored in the form 
of binary. To connect keyboard an interface is required for matching and conversion 
purpose. There are following IBM type keyboard interfaces. 
1) Original PC or XT keyboard interface 
2) Original AT keyboard interface 
3) The 101 keys PS/2 keyboard, generally called enhanced keyboard. 


Switch / Contact Design 

According to mechanism of switch contact design there are basic two kinds of 
keyboards, a) Switch based, b) Capacitive type. 

In switch-based keyboards, there is micro switch for each key on the keyboard. 
Switches can become dirty but its replacement is easy. 

The IBM and AT & T keyboards are capacitive. In the bottom of the keyboard 
there is one large capacitive surface. Each keyboard key pushes a spring, which in turn 
pushes paddle. The paddle makes an impression on capacitive surface. This surface sends 
a signal, which is interpreted by 8048 microprocessesor on keyboard. It sends scan-code 
to PC and PC interprets that key. 


Right click 
Pe ae 


Left click NJ 


Keyboard Fig. (4.2) Mouse 


b) MOUSE 


Mouse is a pointing input device. It has at least two or three buttons. A mouse is a 
rectangular plastic box with rubber ball at its center from the bottom side. It looks like a 
mouse as shown in fig,(4.2). This device is used in conjunction with a video monitor and 
operated by two mutually perpendicular wheels, which rests on a flat surface. TWO 
wheels are monitored electronically. The two wheels are perpendicular to each other, 8° 
one tracks X-axis motion and one tracks Y-axis motion. The third wheel balances the first 
two. Every mouse is having ball at the bottom of mouse. It is also having three whecls. 
which turn when ball moves against them. It allows operating computer operations 
without giving instructions but it requires menu driven software like Windows. By 
moving the cursor one can select the required menu and by click can operate the menu. 
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Gener ally actions related to mouse are as follows, 
1) Single click 
Press left mouse button or right mouse button. It is used for generally selecting any 
option. 
2) Double click 


Clicking two times is double clicking. It is generally for opening any menu. 
3) To Move 


By moving the mouse itself the mouse-pointer or curser position can be positioned 
anywhere. 

4) Dragging 
By selecting a window we can change the position of Window known as dragging. 
While dragging select the Window by pressing the left key and after changing the 


position release the key. Generally this is used for moving window or graphical 
operations. 


c) SCANNER 


Scanner is a small and economic machine like Xerox but it converts documents, 
photographs, images in to computer data and the data can be stored in to PC for editing or 
printing for desired applications. This is available in colour mode also. Scanner quality 
depends on DPI (dot/inch) its resolution is much better because its DPI rating is 1200 and 
above. , 

It is available in three models 

i) Hand held i) Flat bed Scanner 
iii) Paper-Feed Scanner 

Scanner is an input device it uses optical character reader to and detects presence 
of ink. It compares it with standard character and copies on computer storage. In case of 
Photographs it scans dot by dot and stores it as an editable image. . 


4.2 OUTPUT DEVICES 
Most essential and live displaying output device is Video, which is the part of 
computer system. A printer is also important output peripherals device us 
print results, documents and processed data. Let us study these output de 
features. 
4) VIDEO (MONITOR) welt 
The video i.e. display on a computer is the primary output dey; we 
objective of video board is to take information from CPU and display it en baal many 
Before 1987 video standard basically come from IBM but after 1987 P§/> wes 
Successful. The top video in 1987 was the VGA, which is a base monj ar today: There ti 
following kinds of older monitors. . : : 
1) Composite monochrome 2)Composite colour 3)RGB 


ually required to 
vices with their 
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4)EGA monitors 5)Direct drive TTL monochrome 

Composite monitors offer greater resolution than TV. They are low expensive. 

RGB monitors offer better resolution for colour text than colour composite 
monitors. EGA (Enhanced Graphics Adapter) monitors are RGB monitors with higher 
resolution. TTL monitors are monochromatic and offer high-resolution steady images. 


Monitor Fig. (4.3) Flat Bed Scanner 

Video Board Characteristics: 
Resolution 

Resolution on a video display is the number of horizontal and vertical dots that 
make up the picture.e.g. basic resolution 640 x 480 means the image is 640 dots wide and 
480 dots high or resolution means more dots on screen, which means video board needs 
more memory but results in excellent clarity. 

In addition to resolution there are other characteristics like Character box size, 
monitors supported and graphics supported. 


Video Monitor Characteristics 
1) Dot pitch 
More resolution means more dots on screen. The distance between the centers of 
the dots on the monitor is the monitor's dot pitch and it is measured in millimeter. 


2) Horizontal Scan Frequency 
Generally monitor works by directing a beam of electrons against inside of its 
screen. Phosphors inside screen become excitable and glow. So we can see image. 
Horizontal scan frequency is the number of times that the beam sweeps 
horizontally per second. It is measured in Hz or Kilohertz. e.g. if basic VGA has 480 
lines and there are 60 screens per second so 480 x 60 is 28,800 lines per second. 


3) Multi-syne 
The ability of monitor to handle multiple resolutions automatically is called 
multisyncing. 


Peripheral Devices 225 


egg aid 
b) PRINTERS 


Generally We classify o/p devices as hard copy and soft copy. 
Printers, plotters are hard copy devices. 


Printers are divided into basic two types: 
1) Impact printer 2)Non-impact printer 


In impact printers a mechanical contact between the print head and paper is carried out 
while in non-impact there is no such mechanism. 


Impact Printers 


1) Character Printers: a) Dot matrix Printer b) Daisy wheel printer 


c) Golf ball Printer dd) Cylinder printer 
2) Line printers: a) Chain printer b) Band printer c) Drum printer 


Non-I[mpact Printers 


a) Thermal Printer _ b) Laser Printer c) Inkjet Printer d) Electrostatic Printer 
e) Electro-graphic Printer 


1) Dot matrix printer: 


It is an example of impact printer and very popular due to its low cost, high speed and 
NLQ (Near Letter Quality) print. Their. speeds usually range between 80 & 600 cps. The 
printing head contains a vertical array of pins (refer fig.4.4). As the head moves across 
the paper, selected pins fire against an inked ribbon to form a pattern of dots on paper. 
Dot matrix printers universally bi-directional units as they print on both Passes across the 
paper. They are capable of printing with maximum speed, but printin 


; g quality is not good 
like inkjet and available in black and white colour. 
Hammer Head Ribbon 
io Paper 
Hammer 


Dot Matrix Mechanism Fig.(4.4) 


Daisy Wheel Mechanism 
2) Daisy wheel printer: . 
It is so named because the print head is like a daisy flow 


- The er, with printing arms 
appearing like petals of flower. It can operate at faster speeds up to 90 cps. The hub 
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continuously rotating at higher speed and hammer strikes the appropriate character when 
it is in position just like a typewriter as shown In fig.(4.4). 


3) Line printers . 

It prints whole line at a time but line printers of dot matrix are slow. Generally 
line printers use rapidly moving chains or bands of print characters or some form of print 
drums to print lines of information. It belongs to impact printer 


Control Panel Roller 


Paper Tray 
Dot Matrix Printer Laser Printer 


4) Ink Jet Printer 

An inkjet printer produces characters by spraying small ink droplets onto paper 
hence called non-impact printer.There is electrical generator, which causes piezoelectric 
crystal to vibrate and throws ink droplets supplied from reservoir. 

Electrodes charge these and it is having vertical and horizontal deflecting plates in 
a manner to form desired characters on paper. It can have color printing. Inkjet printers 
provide a software through which user can arrange different properties like paper size, 
printing mode like Normal/Best/Draft. 


2) Laser Printers 

It is a high-speed high quality non-impact printer. It uses laser xerographic print 
mechanism. It uses a laser-produced light to charge photoconductive surface in the latent 
image of characters to be printed. In laser printer the image of the page to be printed is 
formed on a photosensitive drum. The photosensitive drum acts as an insulator in dark 
and when laser light beam falls on it then black part of drum gets charged. The charged 
image on drum is linked using black powder called “toner” and then electrostatically the 


image is transferred on a sheet of paper. Finally paper comes out the powdered image on 
paper ts pressed with heat to make it permanent on paper. 
Advantages: 


i) It offers high quality printing in text and graphics. 
ll) It offers wide selection of charac 
software control. 


iii)Printing rate is highest it is 10 to 200 PPM (Pages Per 


ler fonts, printing quality mode under 


min), 
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Disadvantages: 


i) Initial Cost and cartridge cost is High. 
ul) Multiple carbon copying is not possible. 
iii) Colour printing is not possible. 


4.3 1/0 DEVICES AND DRIVES 


In this topic we shall study other peripheral devices, which are used as secondary 
storage devices because they are auxiliary and provides extra storage capacity. Since they 
are auxiliary they need driving mechanism known as Drive and controllers. 


a) Floppy disk and floppy Drive 

Floppy disk is made up of round piece of plastic material coated with a magnetized 
recording material. Floppy disk is a Mylar disk with iron dioxide affixed on it. It has two 
sides, which require two head to read them. These two sides are called surfaces. Each 
surface is divided into 80 concentric circles called tracks. Each track is divided into 


sector. Each sector stores 512 bytes of information. Floppy 1s available in two sizes 1.€. 
1.2 MB (5.25 inch) and 1.44 MB (3.5 inch) as shown in fig.(4.5). 


Advantages: 

‘. Direct information encoding onto disk. 

2. Easily transportable and Relatively cheap 

3. Multi purpose i.e., itis used for storage, input and output. 
4. One can reuse many times like audiotape. 


Disadvantages: 
1. Floppy disks are to be handled carefully. 
2. Adverse environmental conditions such as heat, dust, humidity etc easily damage 


them. 
Floppy drive sub-system has following components, 
1) Drive 2) Controller board 3) Cable connecting the drive to the. controller 


Power is connected to drive via smaller 4 pin Berg connector. 


5 ¥%4" Floppy Disk 3 42" Floppy Disk Floppy Drive 
Fig. (4.5) 


indle hole 
Index hole 


write protect 
Notch 
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Controller 
Whenever a computer wants to interface new device, it needs a controller to allow 


external device. XT'type machine has separate controller board while AT type put floppy 
and hard disk controller function on same board. 


b) Hard-Disk Drive 
A hard-disk drive contains rigid metal or glass disks stacked up called plotters. Hard disk 


is fixed inside system i.e. it is sealed. But every hard disk structure is same as floppy disk 
like a floppy disk every side of each platter has read/write head. Hard disk can be 
considered as being made up multiple floppy disks put one above the other. All of the 
same tracks on each platter is collectively known as cylinder. 


Storage 
Media 


Hard Disk 
Head 


Drive Mechanism 


Fig. (4.6) Hard disk and Drive 
Mostly hard disks have more read/write heads. These heads are attached to 
actuator arm. So when head 0 is positioned over track 142 on surface 0 by head actuator, 
head is also positioned on track 142 on surface. 
To read a particular scctor it must move read/write head over desired track and it 
must wait for the disk to rotate so that the desired sector is under the head and then must 


read. 
Seek time 
It is time to move to the particular cylinder. 
Latency time 
It is time to wait for the sector to rotate around and appear under the heads. 


c) CD and CD-ROM Drive 
Compact disks/CD's are optical storage media that are read with laser 
light. The surface of disk is arranged as a single spiral that begins inside the disk and 
travels towards the edge of disc. Compact disc define track by length of specific file. One 
file equals one track. They are laid sequentially on continuous spiral. 
Generally, today all the software are stored on CD. Generally, CD-ROM drives 
can be connected to the rest of computer using IDE, SCSI, EIDE or parallel port. 
CDROM is a advance version of floppy disk having very large storage capacity but 


i . 
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commonly used for audio-video recording just like a audio or video cassette. The main 
feature of CD is it is recorded by a special technique and in the form of binary codes. 
The recording of audio songs, video films is done at the time of manufacturing by laser 
method the user can read it by means of CD player hence named as Read Only Memory 
(CDROM). CDs are used when the data or information is permanent used as reliable 
storage. The quality of CD is much excellent than a normal audio cassette but it is a 
costly device and delicate to handle. 

There are different CD-ROM players and drives are available as follows, 

1) CD-Recordable drives 

2) Photo.CD players 

3) CD-Readable/writable drives 

4) DVD (Digital Versatile Disk) 

5) Computer based CD-ROM drives 


Modems 

A modem is a device containing both modulator and demodulator circuits. It is 
used to convert (modulate) binary signals into analog signal to transmit it over the 
telephone line at the receiver end the demodulator circuit converts these analog signals 
back into binary signals. Thus the modem is a technique of using telephone tine for 
digital communications. 
Use of Modem: 
Let us see how modem is functioning for digital communication between the two 
computer terminals located at two distinct (long distance) places. Refer fig.(4.6) to 
understand its simple function 


Telephone System 


Fig. (4.6) Use of Modem 
Digital communication between the two computers A and B is carried out in the 


following steps —— oe 
1) The user at computer ‘A’ sends data in digital form. 
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2) The computer ‘A’ is modulating digital data into analog form; the modulation 
technique may be FSK type. ~ 

3) Modulated signal is within telephone frequency range it is transmitted over 
telephone line by selecting a proper dial code. 

4) The computer * B’ terminal is selected by its dial code. 

5) The modem of computer ‘B’ is converting analog modulated signal into original 
digital data by the process of demodulation. 

6) The demodulated digital information is processed and displayed on the screen of 
terminal B. 


The opposite and similar action is carried out while transmitting the data from Computer 
‘B’ to Computer *A’. 


Multimedia Application 

Multimedia is an entertataining audio-visual facility becoming very popular in 
computer world. It is a kit, which provides Audio mixing with images graphics and 
animation. Multimedia allows to run Audio/Video CDs and storage of this type of digital 
data with amplification facility and graphical display. Multimedia has variety of 
applications like video games, training tools etc. 
Multimedia kit consists of 

i) Sound Card ii) CDROM Drive iii) Standard Speaker system v)Microphone. 


Sound Card Characteristics 

Basically sound card is a part of Multimedia its quality depends on sound creation 
methods and resolution. 

There are 8-bit, 16-bit, 32-bit cards. 8- bit are good for simple game sound and 
music, for good multimedia 16-bit is fine. 32-bit card is used for Specialized application. 
Some sound card only plays MIDI files while some can playback only sampled file called 
wav files. But both capabilities are required for multimedia. Sound card provides: 

1) An interface with PC ~ 


ii) Support for FM and MIDI files 
iii) Sound Levels. 


QUESTIONS ° 
1.Select the correct alternative. 


a) Floppy Disk isa ..... device 

i) input ii)output iii) I/O 
b) A standard Keyboard has .....Keys 

i) 128 11) 10] 1i)68 
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©) avs is a multilayer disk. 


1) Floppy disk ii)Compact disk ili)hard disk 
d) Dot matrix printer isa... ... Printer 


i) Impact ii)non-impact iii)laser 
ce) To interconnect a PC with telephone line .....is necessary 
i)scanner ii) controller iii)modem 
f) In video colour monitors three basic colours are..... 
i) RYB ii)RGB i1i)GOB 
g) For Running a video CD with PC _ is essential. 
i) Controller ii) Multimedia Kit ili) Video card 
h) A high quality high speed printer is..... printer 
1) Inkjet 11)Laser ii)Dot matrix 


Answer: a) /O b) 101 c) hard disk d) Impact e) modem f) RGB g) Multimedia Kit 
h) Laser 


AE List any four input and output devices. 
_& Classify the following in to input and output devices. State their function in brief: 
Mouse, Ink-Jet printer, CDROM, Modem, optical scanner. 
A. Explain the difference between 
a) Keyboard and mouse b) laser and Ink-jet printer 
c) Floppy Disk and CDROM 
; Explain any one secondary storage device. 
6. Enlist various printer types and explain any onc. 
Write advantages and disadvantages of Laser Printer. 
_%. Write a note on Hard disk and drive. 
Jy. Explain the use of Modem. 
10. Write the advantages and disadvantages of Floppy disk, 


ld. What is Multimedia and Sound card? Write their applications. 


OOQ 


